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LET THERE BE LIGHT

Praise be to Allah, the cherisher and sustainer of the

worlds, who has said in his Noble Book:

" Allah 1is the Light of the heavens and

earth, The parable of fHis light is as if
there were Niche and wiithin 1t a Lamp, the
lamp enclosed in Glass, the glass as it

were a brilliant star. Lit from a blessed

Tree, an olive, neither of the Fast nor of

the West, whose o0il 1is well-nigh luminous.

Though fire scarce touched it: light upon

light. Allah doth guide whom he will fto his

light. Allah doth set forth parables for

people and Allah doth know all things."
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XIX

PREFACKE

One thousanrd vear ago befere the discovery of the
circulation of the Dbloed, and roucghly thirteen centuries
before it was known what happened in the intestine to eansure
that organs were nourished Dby the process of digestive
absorption, a verse 1in the Quran describes the source of the
constituents of wmilk, in conformity with these notions.

To understand this verse, we have to know that chemical
reactions occur in the intestine and that from there,
substances extracted from food pass into the blood stream via
a complex system, sometimes by way of the liver, depending on
their chemical nature. The blcood transports them to all the
organs of the bedy, among whick are ths wmilk-producing
mammary glands. Basically there is the arrival of certain
substances from the contents o©of <the intestine into the
vessels of the intestinal wall itself, and transportation of
these substances »py the blood stream {Dr Maurice Bucaille)
(1,2).

This concept must bhe fully appreciated if we are *to
understand the verge 6%, chapter 16 in the Quran:

" Verily, in the cattle there is a lessoun for you. We
give you to drink of what iInside their bodics,
coming from a conjunction between the content of
the intestine and the blood, a milk pure and

pleasant for those who drink it. "
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SUMMARY

The idea behind this thesis developed during my
employment ait the Department of Gastroenterclogy, Glasgow
Royal Infirmary University NHS Trust, as a Clinical Ressarch
Fellow. The department is one of the very few that has been
established over the years as a centre for gasfrointestinal
research and investigations.

The studies T performaed zimed to take advantage of the

s o — e

availability of technigues for the méasdgeméﬁt. 6EW g}éggin
synthesis using gtable (i.c non-~radicactive) labelling
methods and mass spectrometric analysis to provide comparison
of the rates of incorporation of labelled amino acids into
mucosal protein sampled by gastrointestinal biopsy when
presented intravenously and intragastrically.

This project concerns itself with the potential role of
the tracer amino aclid infusion techniques in the
investigation of gastrointestinal diseases particularly those
associated with mucosal atrophy and hypertrophy.

The introductory section reviewed the anatomical and
functional ©properties of the swall intestine and the
manifestations of small intestinal dysfunction (Chapter 1).

The second chapter discusses protein synthesis and
metabolism in general particularly the nitrogenous body
composition, components of protein metabolism and the control
of variocus stages of protein synthesis.

The contribution of the small intestine to the whole-body

protein metabolism is referred to in chapter 3.




XXI

Chapter 4 discusses the development of stable isotope

LT
I %

technology with reference to @t'sr'advantages which led to

T

Qt'#jwide use in the field of metalolic investigation. I have
aIsdJ mentioned the radionuclide isotopes and the
digadvantages of their use in man. Various applications of
stable isotopes were summarised in this chapter. AL the end
of this chapter I have outlined the reasons for undertaking
this work explaining the hypothesis behind it and the areas
that I wished to test.

In section II (Chapter 5) I have summarized my objectives
and set out thke aims of the wvarious studies included in thisg
thesis.

In chapter 6 I have digcussed the prianciples of the
methodology of gtable isotope applications including gas
chromatography mass spectrometry and isctope ratic mass
gspectrometry. This was followed by a brief explanatiorn of the
methods I used to obtain intestinal mucosal samples and the
way I handled these biopsies for wvarious measurements
(Chapter 7).

Chapter 8 concerns itself with the development of a
technigque for the weasurement of protein synthesis utilizing
the tracer aminc acid incorperation principle. The choice of
amino acid tracer and of fracer delivery technique 1is
discussed in this chapter.

The experimental design, recruitment of subjects and
patients and laboeratory work are discussed in chapter 9.

I have explained the <type of statistical analysis and the




XXII

methods I used to calculate the rates of protein dgynthesis
and whole—-hody protein turnover at the end of this chapter.
Section IV concerns itself with the development of a new
method of measurement of gastrointestinal mucosal protein
synthesis. I have discusscd the use of fracer amino acid
delivered by primed-constant infusion to define the source of
the precursor for protein synthesis and 1it’s rate of
incorporation when supplied by luminal (intragastric) ana
basolateral (intravenous) route in normal subject (Chapter
10). The time course of labelled amino acids incorporation
into the mucosal protein was assessed as well (Chapter 11).
Section V butlines the apoplication of +this newly
developed method in patients with untreated coeliac digease.
I delivered two amino acid labelled with 13C via the
intravenous (IV) and intragastric (IG) routes and measured
the rates of protein synthesis, whole-body protein turnover
as well as the preotein and nucleic acids composgition of the
gut mucosa (Chapter 12). T have also measured the crypt cell
histomorphometric characteristics and compared them with the
protein and nucleic acid compcosition  of the mucosa.
Correlation with vitamin B,, and folate status was assessed
as well (Chaptexr 13}).

The next application of the method described in this
thesis was in patients with alcohelic liver disease as
described in section VI (Chapter 14). I have mneasured the
protein synthetic capacity and the protein/DNA ralic as well

as the rates of intestinal mucosal protein synthesis and
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whole-body protein turnover in this group and attempted to
correlate these rates with the indices of disease geverity.

The last application of this methed in this thesis was in
a group of ileostomy subjects (Section VII, Chapter 15). I
have chosen this group of patients, with ileostomy after
having total colectomy for the treatment of ulcerative
colitis, to give mwme a practical, timely acgess to the
terminal dileum. The principal aim for this study was to
measure the rateg of mucosal protein synthesis in the small
intestinal mucosa hoth proximally and distally.

In section VIIT T bhave given an overall discussion of
the results obtained from wvarious studies besgside the
discussion in each study in it’s relevanl seclion where the
results arc interprcted, commented upon, and appropriate
deduction drawn.

Considerations on future applications of this method of
measuring gastrointestinal mucosal protein synthesis as well
as the uges of stablc isotopes are commented upon in section
IX.

General assessment of the results and conclusions are
given in section X Followed Lky references, publications
arising from this thesis and presentaticns at various learned

gocieties,
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INTRODUCTION




CHAPTER 1
s .
THE_SMALL INTESTINE AND IT'S FUNCTIONS

ML

The gastrointestinal +tract is a ccordinated structure
with the functicon of ingesting and absorbing nutrients and
excreting unabsorbed and waste products. Knowledge of the
small intestinal structure ig important to understand the
small intestinal muacosal tunctions, including protein
synthesis and absorption, fully. The wmain anatomical and
physioclogical properties of the small intestine are presented

below.

1.1.1 STRUCTURE

The small intestine is a convoluted tube comprising the
duodenum, Jjejunum and ilsum extending from the pylorus to
the ileccaecal wvalve where it doins the large intestine.
Puring life iiié average lengtih ig 5.82 m in women and 6.37 m
in man and shortly afier death hecomes longer owing to the
absence of muscle tone (3). On cross section it is congistent
of mucosal laver, muscular laver and serosa (Figure 1.1.1).
The mucosal layer composed of many c¢ells, the enterocytes,
which have a relatively short life span and rapid turnover,
being formed in the crypts and then migrating to the villus

(Figure 1.1.2) (4,5).

1.1.2 FUNCTIONS
The emall intestine has two principal functions; digestion

and absorption (5,6).
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1.1.2.A DIGESTION:
The Dbasgic process of digestion i1s hydrolysis., Diet is
mainly composgsed of carbohydrates, fats, proteing, vitamins,

minerals and trace elements (7,8).

1.1.2.A.1 CARBONYDRATES

The carbohydrates which are in the form of
polysaccharides (starch) and disaccharides (sucrose, lactose
& maltose) are digested intec their monosaccharides (glucose,
galactose & tructoge). This process starts in the mouth where
ptyalin is secreted in the saliva then hydrochloric acid
(HC1l) 4in the stomach provides scome hydrolysis. However the
major share of hydrolygig occurs in the small intestine under
the influence of pancreatic amylase. Finally the
disaccharidases, maltasc, sucrase & lactase, of the brush
border of the intestinal villus epithelium split the
disaccharides into their corresponding monosaccharides which

are absorbed into the portal blood.

1.1.2.A.2 FATS

Fats of the diet composed mainly of friglycerides which
are neutral fats. Bach molecule consist of glycerol and three
Fatty acids. There are small quantities of phospholipids,
cholesterol and cholesterol esters. Very minute amount of fat
can he digested in the stomach hy the gastric lipase. Between
95 to 99 per cent of all fat digestion occurs in the gsmall
intestine under the infiluence of pancreatic lipase. The first

step in fat digestion is emulsificationr, hreaking the fat




globules into small size, which 1s achieved under the
influence of bile salts that are secreted in the bile by the
liver. The fat is split into monoglycerides and fatty acids.
The intestinal epitheliuwm contains a small quantity of lipase
c¢alled enteric Jlipase which probably causes a very slight

additional amount of fat digestion.

1.1.2,A.3 PROTEINS

Protein digestion begins in the stomach with the action of
pepsin., The stomach contributes to only 10 te 20 per cent of
total protein digestion. Mest ingested protein is hydrolyzed
in the ducdenum and upper jejunum by the pancreatic enzymes
trypsin, chymotrypsin and carkhoxy polypepticdases. The final
product of this digestion is mainly small polypeptides plus a
few amino acids, Oligopeptidases of the intestinal brush
hborder hydrclyse di, tri and tetrapeptides. Although peptides
consisting primarily of ¢glyeine, preline, hydroxyproline or
dicarboxylic amnino acids, they may bg absorbed in peptide
form, after which hydrolysis may occur within the mucosal
c¢ell. About 98 pecr cent of the protein finally becomes amino

acids and the remaining 2 per cenlk is exc¢reled in the faeces.

1.1.2.8B ABSORPTION:

The scmall intestine plays the major role in abscrption
which occurs through the intestinal c¢ells in various ways
depending on the nutrient concerned. The stomacnh is a poor
absorptive organ, only a few highly lipid soluble substances

are absorbed in small quantities such as alcohol and some




drugs. The total amount of fluids entering the small bowel is
about 8 - 9 1, most of it is absorbed leaving 1.5 1 to pass
through the ileccaecal valve. The colon absorbs most of this

fluid leaving only 5C —~ 200 mls to be excreted in the stool.

1.1.2.B.1 THE ABSORPTIVE AREA

The small intestinal mucosa is shaped in the form of folds
called valvulae conniventes which increase the surface area
of the mucosa by about three~fold. Millions of wvilli
projecting from the intestinal mucosa for about 1 mm
inc¢reasing the absorptive surface area by another ten—fold.
The mucosal epithelial cells are characterized hy a brush
border congisting of microvilli. There is about 600
microvilli from each ¢ell. These microvilli increase the
absorptive surface area by another 20-fold. Therefore the
small intestinal mucosal absorptive area 1is increased by

about 600-fold to a total of about 250 sguare meters (9).

1.1,2.B,2 MECHANISMS OF ABSORPTION

Absorption through the gastrointestinal mucosa occurs by
active transport and by diffusion. Active transport provides
energy to move a substance across a membrane against a
concentration gradient or againgt an electrical wpotential.
Diffusion means transport of substance through & membrane
along an electrochemical gradient (310,11). The absorption of
water, electrolytes and various nutrients is illustrated in

(Figure 1.1.3}).
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1.1.2.B.3 WATER AND ELECTROLYTES

Water is transported across the intestinal membrane by
diffusion which obeys the osmosis laws. As ions and nutrients
are absorbed, an isosmotic eguivalent of water is also
absorbed. Electrolytes such as sgodium, iron, potassium,
magnesium, phosphate and other ions are actively absorbed.
Chloride ions are transported in most parts of the small
intestine along with the positively charged sodium ions. In
the distal ileum and in the colon there is active transport

of chloride ions as well.

1.1.2.8B.4 CARBOHYDRATES

Carbohydrates are absorbhed actively in the form of
monosaccharides across the intestinal membrane together with
the godium ions. The energy required 1ig provided by the
sodium transport system; the so called sodium co-transport

theory.

1.1.2.B.5 TATS

Fat digestion end products, free fatty acids and mono-
glycerides, hecome dissolved in the lipid portion of the biie
acid micelles which are soluble in  the chyme. Once these
micelles are in contact with the surfaces of the intestinal
epithelial «cells, both fatty acids and monoglycerides
immediately diffuse <©Lhrough the =zpithelial membrane leaving
the bile acid micelles still in the chyme. After esntering the
epithelial c¢ells thesc fatty acids and nonoglycerides are

taken up by the sgmooth endoplasmic reticulum and rccombined
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to form new tri-glycerides which a&ggrcgatec into globules
along with absorbed cholesterol, phospholipids and small
amounts of synthesized cholestzsrol. These globules then are
excreted to the spaces between the cells Dy exocytosis; from

there they pass into the lymph and now called chylomicrons.

1.1.2.B.6 PROTELINS

Protein absorption is an active sodium co-transport
gystem which ig similar to the glucose transport mechanism.
Dietary protein agsimilation igs preceded hy acid denaturation
in the stomach which renders the stable protein structure
susceptible toe hydrolysisg, then luminal digestion producing
small peptides and free amino acids (12). Protein absorption
occurs mainly in the proximal jejunum {(13). Most peptides and
amino acids bind with a specific transport protein. There are
many different Ltypes of these proteinsg in +©the intestinal
epithelium. Amino acids enter the intestinal cell from the

luminal gide of the cell towards the basclateral side {6,10}.

1.1.3 AMINO ACIDS TRANSPORT

Movement of amino acids into and out of cells is mediated
by plasma membrane-bound activity which is an integral part
of the small intestinal mucosail cells ({(14). Amino acids in
the blood come from the products of enteral peptides
digestion and luminal absorption as well ag a result of
protein and amino acid metabolism in organs throughout the

body (15}.
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Free amino acids ars transported across mucosal membranes
via Nat-independent (facilitated transport) and Nat-dependent
{secondary active transport) systens with only a small
portion through unsaturable mechanism or diffusion
{16,17,18,12). The definition of Lhese systems is complicated
by the presence of muitiple transport systems within each
group (20). Small intestinal amino acid trangporters plav a
major role in whole body nritrogen metabelism during both
absorptive and post absorptive states (14). In the absorptive
state, enterocyte’s apical and basolateral membranes transfer
sodium and/or aminoc acids from the Jluwen tc the portal blood
in a way that sodium and water net absorption can bhe
energetically coupled to awmino acid uptake (21,22). Sceveral
of the apical (luminal) transport systems are different from
those found on the basoclateral membranes and are unique to
absorptive epithelia. All the basolateral membrane gystemns
are found else where in the Dbody (15,23). In the post
abscrptive state circulating solutes are trangsported through
the intestinal Dbasolsteral membranes dinto and out of
enterocytes participating in splanchnic intermediary
metabolism reaction (15). Scme of the transport systems in
the intestinal mucosa serve particular amino acids such asg
aspartate and glutamate (24), prcline (25,26), neutral and
cationic amino acids {26,27), rneutral amino cids only
(18,25). A recent study {28) showg that sodium dependent
phenylalanine transport occurs only via a specific system
called system B rather <than a selective system previously

designated PHE (29).
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1.1.4 DYSFUNCTION
Small intestinal dysfunction may regult in maldigestion;
impaired nutrients hydrolysis and malabsorpticon; defective
mucosal absorption of nutrients. In clinical practice
malabsorption is used as a global term to include both

aspcects of dysfunction (30).

1.1.4,A MECHANISMS ARD CAUSES

1.1.4.A.1 MALDIGESTION

Maldigestion 1is due to digestive enzymes deficicncy
{pancreatitis, pancreatic carcinoma, parenchymal liverx

disease, cholestatic jaundicey), inactivation (Zollinger-—

Ellison syndrome, Dbacterial overgrowth, drug effects) or

rapicd transit as in post~gastric surgery.

1.1.4.A.2 MALABSORPTION

In malabsorption there 1s a damage to the actual
absorptive process itself which may follow damages to the
small intestinal mucosa such as in coeliac digease, tropical
sprue, Crohn'’s disease, radiation damage, ischemia,

infections, infillration, ATNS and Whipple'’'s disease.

1.1.4.8 CLINICAL PICTURE

The degree of impairmsnt of absorption has to be profound
before clinically significant malabsorption will occur (12).
The main symptom of malabsorption is diarrhoea which can be
watery. The stool is bulky, pale and offensive. It tends to

float and is difficult to flush owing to the increased gasg
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content rather than fat (31). Weight loss 1is a common
manifestation of malabsorption and in children there is
growth retardation and failure c¢f sexual development,
wWidespread nutrients deficiencies may result in various
symptoms and signs (Table 1.1.1) (30).

1.1.4.C INVESTIGATIONS
Investigaticns should be undertaken;

a. to confirm the diagnosis,

b. to asses the severity and the extent of malabsorption and

c. to identify the underlying cause.

The intestine 1s more difficunlt to investigate as compared

to other organs such as liver, kidney and heart. There are no

simple tests which reflect intestinal function and integrity

in the same way as liver functicn tests, urea and

electrolytes or cardiac enzymes. Therefore many indirect

function tests have bheen develcped.

1.1.5 EFFECT OF FEEDING ON ADSORPTION

In the absence of luminal feeding, as in the case of total

parenteral nutrition (TPN) the absorptive capacity of the
intestine is severely compromised (32), accompanied hy
gradual intestinal atrophy (33). On the other hand, enteral

feeding, particulariy of amino acids or proteins promotes the

nmorpholegical, digestive and akbsorptive integrity of the

mucosa (34}, therefore this roulte for nutrition should he

choseon whenever possiblie.




TABLE 1.1.1 Clinical

manifesglaticns of
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malabgorption.

MALABSORBEDR NULRILNT]

SYMPTOMS AND SIGNS

Fat

FProtein

Carbohydrate

Iron

FPolic acid
Vitamin BlZ
Vitamin A

Vitamin D

Vitamin K
Calcium
Magnesium

Zince

Bile salts

Fatty stool, watery diarrhoea,

weight loss

Weight loss, muscle wasting, cedema,

leuconychia.

Watery diarrhoea, flatus, abdominal

distention, borborygmi.

Anaemia, glossitis, kollonycia,
7.
aph%&us ulcers.

Anaemia, glossitis, aphthus ulcers.
MAnaemia, glossitis, neurologic
disorders.

Fyperkeratosis, night bilindness.

Rickets, osteomalacia, proeximal
myopathy.
Bruisging, bleeding.
Parasthesia, tetany.
Parasthesia, tetany.

Acrodermatitis, poor wound healing,
poor taste.

Watery diarrhoes
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CHAPTER 2

PROTEHIN SYNTHESIS AND METABOLISM

Protein and amino acids metabolism encompasses protein
turnover, amino acids oxidation and overlap with carbohydrate

and fat wmetabolism (35,36).

1.2.1 PROTEIN TURNOVER

Turnover in general term means the process of renewal or
replacement of a given substance. This process may either
involve the producticon of newly formed material with the
disappearance of some material already present or it may
represent the exchange of matcrial between two or more
compartments (37). The protein turnover means the synthesis
and breakdown of protein i.e protein exchange with a pool of
amino acids (35,37). The term Dbreakdown should be regtricted
to the degradation of protein into amino acids and the word
catabolism 1is Dest avoided as it suggests an oxidative
process. Thus the catabelism of amino acids to urea must be
distinguished from the breakdown of protein to amino acids

(37).

1.2.2 BODY COMPOSITION

Quantitative knowledge of the amount of protein and amino
acids in the body or an organ at a given time is difficult to
obtain. Most of the methods for measuring the protein
concentration and composition of the tissue in living

subjects are indirect and hased on assumption (38). Methods
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based on tissue biopsy are valuable and access to various
tissues 1s nowadays possible. Among the tissues which have
been sampled for such studics are gut and liver (39), breast
{40), bone (41), skin and muscle (42). Although protein can
be used as a fuel if they are not nzeded for protein
synthesis (43), as in the case of carbohydrate and fat, it is
mainly dinvolved in the structure and functicn of cell (35).
Surplus amino acids can not be stored nor are they excreted,

rather uscd as fuel (43).

1.2.3 CCMPONENTS CF PROTEIN METABOLISM

The dynamic nature of protein metabolism has Dbeen
recognized fcr many years (44,37). PFigure 1.2.1 shows the
estimates of various components of protein metabolism. The
rates of interchange of amino acids hetween various
components were difficult to measure, thercfore many workers
depended on nitrogen balance to study these components of
protein metabolism, They calculated the net difference
betwesen protein intake expressed asg aitrogen content and

nitrogen content of the body waste. These wmethods can give

P

"

incorrecl resultls 1 uscd loss than obsessively and ﬁt'%}use
in free~living human being ig limited (45). With +the
development of stable isotope technology, accurate
measursments of the réte of protein fturnover and amino acid
interchange between various compartments becoming possible

and increasingly easier (46).
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1.2.4 THE AMINO ACIDS
Amino acids are organic compounds containing both an
aminoe group and a carboxyl group asg expressed in the
following formula;
RCH (NH,) COOK
alpha-amino acids are occurring in protein while in nature we
have beta and gamma as well. The core ¢f an alpha-amine acid

is the carbon atom next to carboxvlic group.

\H/ Ett/

~, | k“.'\
TR alpha~carbon atom

There are two optical disomers of amino acids in natural
proteins L and D. All zamino acids are asymmetric with the
exception of glycine. There are four different groups
attached to alpha-carbon atom; hydrogen atom, carboxyl group,
amino group and R group and these groups are mirror images of
one another and <rotate polarized light in different

directions (47}.

1.2.4.A CLASSTIFICATION

The principal constituents of proteins are amino acids, 20

of which are present iv the body and are physiologically
important (Table 1.2.1). Many of these amino acids are

compounds absocrbed by the intestine from dietarxy protein
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TABLE 1.2.1 Concentrations of awino acids in plasma and RBC.

AMINO ACID SYMBOL PLASMA™ RED BLOOD CELLS**
ESSENTIAL

Histidine His 27 * 3 120 &£ 18
Isoleucine Ile 63 =+ 3 71 L3
Leucine Leu 120 £ & 137 £ 6
Lysine Lys 195 = 3 177 + 5
Methionine Met 25 = 1 20 * 3
Phenylalanine Phe 53 + 2 62 4 2
Threonine Thr 128 4+ 5 157 + 6
Arginine Arg 86 =+ 3 258 + 23
Valine val 220 + 8 248 + 9
Tryptophan Trp 43 = 2 13 + 1

NON-ESSENTIAL

Alanine Ala 316 + 17 419 * 1o
Asparagine Asn 47 £+ 2 156 & 4
Glutamate Glu - 446 + 8%
Glutamine Gln 655 = 17 758 + 15
Glycine Gly 248 + 13 544 + 21
Tyrosine Tyx 60 * 4 82 & §
Serine Ser 114 + 4 211 = 6
Ornithine Crn 6a £ 4 271 £ 18
Taurine Tur 48 = 157 + 28
Citruline Ctr 34 * 1 48 + 2

* umol /1l * SE, plasma waier
**% umol/1l 4+ E8E, intracellular water

Source; M Rennie (35)
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digestion. Generally speaking these amino acids are divided
into two main classes essential (dispensalle) and non-
essential (non—-dispensable} aming acids {46,48). The
essential amino acids could not bec synthesized within the
body in sufficient amcunts to supply the demand of protein
and nucleic acid synthesis (35). Strictly speaking the
essential amince acids are isoleucine, leucine, 1lysine,
methionine, phenylalanine, threonine, tryptophan, valine, and
histidine; in infants (35,48} and arginine; during growth
{48). Arginine 1is synthesized Dby mammalian tissue but the
rate is not sufficient to meet the neasds during growth. In
addition, i1f phenylalanine and methionine are pregent in only
small amcounts then tyrosine and cysteine may bhecome rate-—
limiting to growth or function ag methionine is required in
large amount tc¢ produce c«¢ysteine and phenylalanine is
regquired in large amcunt to produce tyrosine (35,48). The
whole concept of essentiality has DPbecome much less rigid
nowadays and the concept of "conditional essentiality”" of
certain amino acids was developed to take account of the fact
that, despite the ability of the Dbody tco synthesize them,
they are often required in amounts greater than the body's
capacity to do so e.¢g glutamine, undexr conditions of disease
{49,50) and injury and glygine in c¢hildren trecated for

malnutrition (51).

1.2.4.B ANALYSIS
The introduction of auntomated amino acid analyzer made it

possible to measure the concentration of various amino acids
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in various tTissues (Table 1.2.1). Individual amino acids may
be analysed by a variety of enzymatic methoads (52}. There is
a wide range of methods based on chromatographic separation
{35), and more recently tracer methods both radicactive and
stable isotope have been usad successfully (46). Over 90% of

the amino acids in the body are nresent in protein. The free

amino acid pool contributes only a few percent to the total
of amino acids in the body {(53}. The composition of the free
amino acid pocl in the plasma and wilhin the intracellular
compartment is the result of a variety of processes; amino
acid synthesis, catabolisnm, transamination, protein
synthesis, protecin breakdown and amino acid transport. The
complexity of amino acid metabolism prevents any attempt to
partition the owverall control of the free pool size between
transport, intermediary metabholism and protein turnover (35).
Nevertheless, factors which stimulate protein synthesis or
inhibit protein breakdcwn seewm Lo preduce the largest changes
in the free anino acid pool. Starvation is a good example
{37), in which inhibition of protaein synthesis and
acceleration of breakdown markedly expands the free amino
acid pecol, particularly those amino acids with the smallest
contributicn to the free pocl and thus the biggest protein
bound/free ratio (e.g branched-chain amino acids, aromatic
amino acids, and methionone). As can be predicted, feeding
(which promotes anabolism) shrinks the pool whereas diabetes

(which is catabolic) expands it.
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1.2.5 GENETIC CONTROL OPF PROIEIN SYNIHESLE

Cells and tissues are able to regulate their protein mass,
the content of specific protein and the production of export
vrotein in part by changes in the rate of protein synthegis
(37). Protein synthesis takes place in the cell cytoplasm and
involveg interactions Dbetween ribosomes, mRNA, LtRNA, amino
acids, ATP, GTP and various CIZYINeS . Genes control
reproduction and function o©f all cells including protein

synthesis.

1.2.5.A STAGES OF PROTEIN SYRTIIESES

Protein synthesis and regulation are considered in two
stages; transcription and translation.
1.2,.5A.1 TRANSCRIPTION

The DKA controls the formation of RNA which in turn
controls the formation of a specific protein. DNA controls
protein synthesis by means of " genetic code " which consists
of successive triplets of basesg, that is each group of three
successive bases is a code word. The two strands of a DNA
split apart, exposing the purine and pyrimidine Dbases
projecting to the side of each strand. The purines are
guanine and adenine and pyrimidines are thymine and cytosine.
The successive triplets eventually control the sequence of
amino acid in & protein molecule during it’sg synthesis in the
cell. The genetic code is transferred from the DNA in the
nucleuws to the ENA., This process is called “transcription”.

The RNA then diffuses from the nucleus through the nuclecolar




23

pores inte the cytoplasmic compartment where i1t controls

protein synthesis (10).

1.2.5.A.2 RIBONUCLEIC AIDS

Almost all DNA 1s located in the nucleus of the cell and
yet most of the functions of the cell are carried out in the
cytoplasm., This 1is achieved through the dintermediary of
another type of nucleic acid, RNA, the formation of which is
controlled by the DNA of the nucleus. There are three types

of RNA ;

a-Messenger RNA (mRNA)

These molecules, alsc called the '"cocdons", carry the
genetic c¢ode from DNA to the cytoplasm controlling the
formation of the protein. They are made in the nucleus in the
region known as the nucleoplasm and composed of several
hundreds to several thousands of nucleolides 1in single
strands., There are different codons for the 20 common amino
acids found in protein molecules, also, one codon represents
the signal for the start of manufacturing a protein molecule
and three codons represent the signal to stop manufacturing

a protein molecule.

b-Transfer RNA (fRNA)

Al) tRNA have similar basic clover-leaf ztructure with two
binding sites, containing only about 80 nucleotides and are
relatively small molecules in comparlson with mRNA. Their

molecular weight is about 25.103 daltons and they transfer
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the activated amino acid meolecules to the ribosomes to be
used in assembling the protein molecules. Each type of tRNA
combines specifically with one of the 20 amino acids that are
to be incorporated inlto proteins. The sgspecific code in the
tRNA that allowg it to recognize a specific codon is again a

triplet of nucleotide bases and is called anticodon.

¢—~Riboscomal RNA (rRNa)

These rRNA constitute 60% of the ribcesomes and form the
matrix upon which protein molecules are actually assembled.
The remainder of the ribosome g protein, containing about 75
different proteins that ars both sgtructural proteins and
enzymes needed in the synthesis of protein molecule. Thelr
molecular weight is up to 24.10° daltons and they arc made in
the nuc¢leclus, The procesgs of protein formation on the

ribosomecs is called "translation" (10,37).

1.2.5.A.3 TRANSLATION

This process is divided into three phases;
(a) Initiation, binding of the rikosome to the mRNA and
preparation for the syuthesis of the first peptide bhond in
the peptide chain.
(b) Elongation, wmovement of the ribosomes along the mRNA as
it incorporates amino acids into the growing peptide chain.
(c) Terminaticn, completion of synthesis with release of the
newly synthesized peptide chain and of the ribosome from the

IMRNA .
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The successive amino acids in the protein chain cownbine
together by peptide linkage according to the following

chemical reaction:

THZ, I f‘ NH2 !
R-C-C-0OH + H-N-C-COOH = HZO + R-C~C-N-C--CQDH

In this reaction, a hydroxyvl radical is removed from the COOH
portion of -one amino acid, while a hydregen of the NH2
portion of the other amino acid is removed. These combine to
form water and the two reactive sites left on the two
successive amino acids bhound wilh each other resulting in a

single molecule,

For each peptide linkage formed during protein synthesis a
very large amount of energy is consumed raguiring breakdown

of four molecules of ATP ag shown in the following reaction:

amincacyl-~tRNA
amino acid + tRNA + ATP-—-————-— >aminoacyl—-tRNA + AMP + PPy
synthestase
Thus protein synlhegis is one of the wmost energy-consuming of

all cell‘s functions (10,37).




26

CHAPTER 3

CONTRIBOTION OF THE SMALL INTESTINE TO THE OVERALL PROTEIN

METABOLISM

1.3.1 INTRCDUCTION

The contribution of varicus tissues to whole-body protein
turnover remains unknown, Each tissue must contribute
according to it's mass, the amounts and conposition of il's
proteins and their turnover rates (54). Although the liver
has the largest mass of amino acid catabolizing enzymes and
containing the enzymes of urea cycle, other ftissues such as

the intestine, musclcs, adipose tisgsue and kidneys also

participate substantially 4in the intermediary amino acid
metabolism‘ of the whcle~hody and therefore the overall
nitrogen economy (35). Protein turnover 1in +the intestinal
macosa hag various components (55). In the gut mucosa cell
function is different at diffcrent levalsg. The physiology of
absorption is mnet the same in the jejunum and ileum, the
rates of cell renewal are not the same, and it is likely that
rates of protein synthesis and breakdown are nol the same

(37).

1.3.2 COMPONENTS OF INTESTINAL FROTEIN SYNTHESIS
Protein synthesis in the gut has three components which

serve different functions;

1.3.2.A CELL RENEWAL

The first component of protein syathesis in the small

intestine d1s the ¢ell renewal. The 1life span of the
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intestinal epithelial cells is sghort, so that cell renewal
must make a large contribution %c protein svnthesis in the
fissgue, In man the crypt cells proliferate at the rate of 1~

2% per h (56). The turnover times of inteslinal epithelial

cells in man ragéfhg}from 3 days in the ileum to 5 to 6 days

in the duodenum (;). Thuyg the fractional renewal rate would

be at least 20% per day. The weight of the intestinal tract

is 5% o¢of the body weight (57) and if half of thig is
epithelium then the total mass of cells renewed per day would
be abcut 350 g in an adult man. This very rough estimate was
confirmed by wmeasuring Lhe DNA content of the exfoliated
cells in the intestinal perfusate (58). By thig method it was
estimated that the tolal weight of zpithelial cells lost from -
the human gut wouwld be 287 gm per day. If the cells have a

protein content of 20%, this would mean 50-60 gm protein

synthesized per day in the production of new cells,

1.3.2.8 EXPORT PROTLIN

The second component of protein synthesis in  the

intestinal tract is the production of secreted or export
proteins., It has been egtimated that in an adult man about 17
gm protein is secreted per day through saliva, gastric juice,
bile and pancreatic juice (57). In the ocrypts of the
intestinal epithelium, the grealer part of protein synthesis
is for the production of new cells (59) whereas in the villi

specific enzymes proleins ace synbthesized (55).
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1.3.2.C INTRACELLULAR TURNOVER

The third component of protein synthesis in the gut is
intracellular turnover. However there does not seem to be any
way of measuring it directly in man. The combination of
protein cell turnover and export protein amount to about 70-
80 gm protein per day which is about one guarter of total
body turnover in man. 1t seems that the intesgtinal tract
clearly makes an important corntribution to overall protein

synthesis, probably more iwportant than that of liver ({37).

1.3.3 SOURCE OF AMINQO ACIDS

The amino acid taken up into the cepithelial cells 1is
derived from two sources; the hlood strcam and the lumen of
the gut. FIrom animal studies it seems that there 1s a
preferential uptake from one or other route according to the
anatomical location of the cells {15,60). Afterx IV
administration of a precursor amino acid protein from cells
near the villus-crypt Jjuncticon igs most heavily labelled
whereas after dintraluminal adwinistration of the precursor
protein from cells near the villus tip 1s most heavily
labelled. Even if the labelled amino acids were infused by
both route it would not be possible to achieve the same
specific activity of enrichment in blood and in gut contents.
By giving a prime dose, to flood the system, it would be
pessible to overcome this problem as after the bolus
injection all the amino acids pools rcach more or less the
same specific activity or enrichment. However if the infusion

continued for more than 6 h there will »be more chance of
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labelled protein to be bhreoken down kefore the end of the

incorporation period.

1.3.4 BEFFECT QU NUTRITION

It seems that food intake stimulates protein synthesis and
decreases protein breakdown in the fed state. In the fasted
state, protein synthesis falls and protein breakdown rises.
The swing between "gain" 1in fed state and "loss" in the
fasted state is greatest when protein content of the diet is
highest (35). It has Dbeen found recently that total
parenteral nutriticn (TPN) appears to increase rate of

protein synthesis in the human gastrointestinal tract (39).

The whcle~-body protein dynamics and it‘s response to
nutrient supply is now better understood after the

application of tracex aminc acid infusion studies (35).
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CIIAPTER_4

THE DEVELOPMENT AND POSSTBLE APPLICATIONS OF STABLLE TSOTOPES

1.4,1 ISOTCPE TRACERS

Isotopes are atems, (iso = game, teopos = place; occupying
the same place in the periodic table) (61), cof different
numpers of neutrons but the sgame number of protons i.e are
members of the same element (46). Isotopes are used to label
certain chemical compounds o¢f intersst to form & tracer.
Tracer is a compound which ig chemically identical to the
compound of interest (the tracee), hut distinct in some
characteristic that enables it’s precise detection.
Therefore, isotope tracer is a tracer in which one or more
naturally occurring atoms in specific position(s) substituted
with an isotope of thet atom with a less common abundance
{46} .

The chemical properties of the atom is determined by the
electronic configuration and not the number of neutrons. The
specifically enriched atom is referred to hy identification
of the weight of the atom hy a superscript prior To the
letter e.g 12¢, 13¢ and l4¢ refer tc carbon atoms of atomic
wmass of 12, 13 and L4 respectivaly (12C is the moslt abundant
mass, 13¢ 3s the stable isotopa and 14c is Lhe radiocactive
isotope). Thz atomic mass number i1s Lhe number of protons
plus neutrong in the atom and the mass diffexrcnces of
isotopes are due to different numbers of nuclear neutrons. In
our studies we used 13C labelling of amino acids leucine and
valine. 13¢ and 15N are the most widely used isotopes in

metabolic studies (Table 1.4.,1).
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TABLE 1.4.1 Carbon and nitrogen stable iscotopes.

ELEMENT STABLE ISOTOPE % 0" NATURAL ABUNDANCE
C 12 98.89

13 1.11
N 14 99.63

15 0.37

The position within a molecule of an enriched carbon is
referred to by the appropriate carbon number preceding the
abbreviation of the description of the isotope used in the
tracer, e.g 1-13C-leucine refers to a molecule of leucine in
which position 1 is labelled with carbhon enriched with the

stable isotope mass 13 (46).

1.4.2 STABLE ISOTOPES

These are the isotopes in which the neutrons are stable
with no evidence of spontaneous degradation i.e they do not
tréﬂéﬁiﬁ into another element. The use of these isotopes as a
metabOIic tracer predates the use of radiocactive isotopes by
nearly 20 years (62,63), however, the analysis was by
cumbersome techniques. It was probably the difficulty of
this amalysis that hindered the more widespread use of the

stable isotopes (35). With the advent of scintillation
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counting and the availability of a wide variety of
radiocactive tracers, most xinetic studies in the 1950s and
19608 used radicactive tracers (46). Over the past 15-20
yvears the use of stable isotopes have Dbecome increasingly
popular, especially since the development of mass
spectrometers interfaced with gas chromatography (35,46).
Greater avallability of stable isotopes as well as the
increased awareness of the health hazards of radiocactivity,

algso stimulated the use of stable isoitopes (46}.

1.4.2.A BIOLOGICAL ADVANTAGES:

The most obvicus advantage of stable isotopes is Lhat they
are not radioactive and present little or no risk to human
subjects (46). Side effects in wvivo are not expected from
administration of "tracer" deoses of carbon 13 since carbon
13, naturally contributes to 1.11% of the carbon pool (Table
1.4.1), has not been found to demonstrate more than trivial
in vitro isotope effects on chemical reaction with carbon 13-
labelled substrate (64). 13C and 15N can be shown to affect
certain parameters of cell function at extremely high levels
of enrichment that would never bhe attained in an in vivo
study in huwmans (65). There 1s no evidence that stable
isotopes Lracers present an identifiable risk +to human
subjects at the highest levels o0of enrichment that might
reasonably be achieved. The use of lahel Lracer requires the
assumption that the lahelled molecule will not be
discriminated from the unlabelled wolecules and that the

labelled wolecule will trace Llhe wmevement of the unlabelled
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molecules, Furthermore, there 1is little gvidence that
enzymatic effects are of concern in iz wvive studies when the

tracer atow is not directly involved in a metabolic reaction

(46} .

1.4.2.8 ANALYTICAL ADVANTAGES:

In addition to the safety of stakle igotopes for human use
in metabolic investigations, there are other advantages of
stable isgctopes (66). Moslkl obhviously, the availability of
stable isotopes for nitrogen and oxygen (15N and 180) whereas
there are no practical radiocactive isotopes for these two
elements. When analysis by gas chromatography mass
spectrometry is used, i1t 4is oflen possible to determine
enrichment on small samples of hlood. There are possibilities
of; adding an intexrnal standard and thereby measuring tho
concentration and enrichment spontanecusly; selective dion
monitoring generally engbles reliable documentation of the
purity of a sawple being analysed; simultaneous and repeated
use of several tracers is possginle in the same subject, since
the process of mass spectrometry isolates individual
cgompounds before analysig. Thus several amino acids enrxiched
with 13c can be given simultaneousiy and the enrichment of
cach tracer measured independently of the other labelled
compounds; and it is freguently possible to determine the
enrichment in specific position of a molecule.

In some of our studies we ussd two tracers simultaneously

i.e 13¢-leucine and 13C-valine in the same subjects to
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determine the effect of route of delivery on the protein

synthesis in normal subjscts and in cceliac patients.

1.4.3 RADIOACTIVE ISOTCPLS

Radicactivity means the sgpontancous rcarrangement of
protons and/or neutronsg in an unstable atomic nucleus in such
a way that expandable energy bccomes available. A proton may

change into a neutron or vice versa, or an orbital electron

may ke caplured Ly the nucleus, thus altering the nuclear
charge (transmutation); alpha-particles, electrons, or
positrons may be shot out at kigh speed; or the excess ensrgy
may be carried away by gamma-phctons or conversion electrons,
leaving proton and npneutron numbers unchanged (isometric
transition). There are characteristic decay processes and
onmitted radiations for each radionuclide. Radiocactive
isotopes are the isotopes in which neutrons -spontaneously

degrade to form an electron and a proton. Radiocactive

tracers of amino acids have been used successfully in {racing
plasma amino acid turnover (35}). Radicactive is an incorrect

term and is Lketter called radionuclide (61} which dig a

nuclide that spontaneously exhibits radlocactive decay.

Determination of B radicactivity in a sample 1is done by
scintillation c¢ounting. The technigue allows simultaneocus
counting of 3H anda 14¢. account must be taken of quenching of
counts to convert from count per minute (cbhserved Dby the
instrument) to disintegrations per minute (46).

Most kinetic stucdies in the 1950s and 1960s nused

radicactive tracers prior to the advent of sensitive and
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user—friendly mass spectrometers 1in various configurations

(35) .

1.4.3.A BICLOGICAL DISADVANTAGES:

Administration of radicactive tracers involves health risk
to the subiects. Therefore the dosc of radiocactivity must he
calculated and compared with commonly encountered radiation
exposures to gauge risk. Table 1.4.2 shows the sgsignificant
risk to differeat systems after exposure to various doses of
irradiation (67).

In many Buropean countries, the use of radicactive tracers
in normal, healthy subjects is severely limited by law; and
cven 1n Lhose countries where the law restrictions are less
severe, ethics committees and regulatory authorities rightly
demand a very good case to be made for the use of radivactive
tracer in adults of reproductive age (&8), and it 1is

impossible to study children (37}.

1.4.3.B ANALYTICAL DISADVANTAGES:

The accuracy and precision with which metabolism can be
traced using radicactive amino acids 1s usually less than
with stalble isctopes amino acids, Dbecauge measuring the
extent of labcelling with radiocactive amino acidg involves two
separate processes, i.e measurement of the rate of
disintegration of radioactive isotope and the chemical
concentrations of the tracer plus tracee. With stable isotope

measurement. methods, the guantity analogous to +ithe specific
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radicactivity is the isotope ratio and this can be obtained
in a single weasurewent Dby a wmass spectrometer. Liquid
scintillation counters can he relatively inefficient way
of measuring radioactivity; and this means that to obtain
reliable measurements of incorporation of a label into a
protein, a high doge of labelled awmino acid would need to be
uged (69,70), unless prolonged counting times for the samples

are used as a means of ensuring high precision.

1.4.4 FUTURE PERSPLECTIVE

In the last 15-20 years, the developmental pzroblems
previously associated with emploving stable isotope tracers
for the metabolic investigations in wvivo have largely
disappeared. Furthermore, the use of stable isotopically
labelled material became widely available and less expensive,
The practical applications of these isotopes include the
study of body composition, energy balance, inter-oxrgan
transport and oxidation of the tThree major metaholic fuels
i.e glucose, fat and amino acids, the pathophysiology of
metabolic events in growing children (66) and in disease
conditions and in all Dbranches of medical research. Table
1.4.3 shows Lthe range of stable igotope applications in

clinical research without attempiing to be comprehensive.




TABLE 1.4.2 Risk

[49]
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rclated to radiation dosages.

SIGNIFICANCE

Risk of leukemia

1/50 000

Risk of canccer

1/50 000

ITnecreagsed number of

chromosome aberration

in peripheral blood,
no detectable sign

or symptomn.

doubling spontaneous

mutation.

Mild irradiation

sickness

LDgp

EXPOSURE (RADS) SYSTEM
1 Bone marrow
10 Sengitive organ
10 Whole~body
20 Reproductive

system
100 single Whole—-hody
dose
650 single Whole-hody
dose
LDgg lethal dose

in 50% of exposed pcpulation.
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TABLE 1.4.3 Clinical and research applications of stable
isotopes.

APPLICATION TRACER

Energy expenditure (71) 2H2180, 2H20

Total body water (72) g n,4t80, 2,0

Protein turnover

Whole beody (73)
(74)
Tisgsue & individual proteins (75,
76)
Fat oxidation and turnover (77,78)

Carbohydrate oxidation, turnover(79)
Amino acid kinetics

Transamination (75,80,81)
turnover

Pool size, {82)

Substrate cycling (83}

Trace elements and mineral
metabolism (84,85, 86)
Inborn errors of metabolism
Metabolic pathways elucidation {87
Heterozygot detection

(PKU) (88)

Pharmacokinetics (89)

[13c)leucine, [158]
giycine, [+9N]lysine
{ZHS)phenylalanine
(13¢]leucine, [15N]
glyecine
[13C)palmitate, [Z2H
glyceratl

{13C]glucose

[15N,13C]leucine
[15N]glycine, [15N]
alanine, [13CJleucin
[2H5—fatty acids and
glucose

430, 44ca, Sdpe, 57w

204Pb, 65Cu,7OZn,28M

Various

[QHS]phenylalaniné

Various

kT4

W

oy
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TABLE 1.4.3 Clinical and research applications of stable

isotopes,. (continuation)

APPLICATION TRACER

Breath tests
TLactase deficiency (20,91) [“3C]lactose
Fat malabsorption (92,93, 94) [13C}—tri—glycerides
and fatty acids
Liver function (95,96,97) (13c)aminopyridin,

{13c]galactose

Bacterial overgrowth (28} {13C]glycholate
Helicobacter pylori (9%9) [13c)urea
Gastric emptying (1060,101,102) (13¢)glycine / [14q)
octanoic acid
Cancer, liver (103) [13C]galactose
urinary bladder (104) | [13C]tryptophan
therapy response (105)| deutrium labelled
cytotoxic drugs.
Ileal dysfunction (106) [13c)-labelled

glycocholate

It seems likely that within the near future the stable
iscotopes will totally replace radiocactive 1soltopes in
guantitative metabolic studies involving human subjects

(107) .
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1.4.5 GASTROINTUESTINAL MUCOSAL PROTEIN SYNTHESIS

Animal work suggested that the gastrointestinal tract

contributes significantly to the thole-body protein

metabolism. There has »heen a substantial dinterest in the

gagtrointestinal protein metabolism in man,

Sc far there have been no reliable, safe, robust methods
for the measurement of the incorporation of tracer labelled
amino acids into protein in the gastrointestinal tract widely
available although there have hecen reports of measurement of
tracer incorporation intc normal and diseased
gastrointestinal tract tissues on an ad hoc basis.

The purpose of the present woxrk was to develop a method

which would allow measurement of protein synthesigs in any

gastrointestinal mucosal tissue capable of being sampled.

In designing such a method, two cuestions of some
significance need to be addressed. The firgt question isg
whether a preferential route of entry of amino acids to the
synthetic precursor machinery eéxists in small dintestinal
mucogal tissue. Thisg is an important guestion the answer to
which has implications for the preservetion of the function
of the gastrcintestinal tract during enteral and parenteral
feeding. The second question is whether the tracer amino acid
is incorporated into gastrointestinal protein to an extent

proportional to the time of exposure c¢f the tissue to the

tracer i1i.e linear incorporation. The answer to this guestion
would validate the method of calculating the rate of protein

synthesis as a fractional rate.
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Furthermore, since comparison will he made of the rates
of protein synthesis in subjects without gasirointestinal
digease and in others with, for example coeliac disease and
alcoholic 1liver disease where the nutritional status is

affected by the disease state, 1t will be possible to

16}

discover something about the likelihood that differential
rates of protein synthesis are involved in pathological
changes known to occur in the gastreointestinal mucosa in
these conditions.

Since the investigation aims to digcover new facts about
normal physiology as well as it’s derangement in pathological
circumstances I weculd reguire to study patients with normal
gastrointestinal tract function as well as others with
deranged function. Thus I have chosen normal subjects and
patients with untreated coeliac disecase, alcoholic liver
disease and subjects with ileostomy following total colectomy
for the treatment of ulcerative colitis to give wme access to
the distal part of the small intestine.

These investigations aimed to take advantage of the
availability of technigques fcr the measurcment of protein
synthegis using stable 1igotope labelling wmethods and mass

spectrometric analygis.

PO

o Ay
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SECTION TI1

AIMS OF TIILE STUDIES
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CHAPTER 5

The overall aim of the studies described in this thesis

was to assess certain aspecls of the small intestinal mucosal
function in normal subjects and in certain disease

conditions.

2.5.1 NORMAL SUBJECTS

The aims were;

1) to mgasure the gut mucosal protein synthesis,

2) to assess the protein, DNA and RNA composition of
the intestinal mucosa,

3) to examine the effect of the route of amino acid
delivery on the prctein synthesis in the intestinal
mucosa, and

4) to assess the pattern of amino acid iuncorporation

into the mucosgal proteinr in the small intestine,

2.5.2 COELIAC DISEASE PATIENTS

The aims were;
1} to assess the effcect of untreated coeliac disease on
the small intestinal mucosal protein synthetic rate

and capacity and on the whole-body protein turnover,




The

2)

3)

4)

.3 ALCOHOLIC LIVER DISEASE PATIENTS

aims were;

1)

44

to examine the effect of the route of aminc acid
delivery on the protein synthesis in the intestinal
nucosa,

to compare the protein, DNA and RNA composition of
the intestinal mucosa with the histomorphometric
characteristics of the c¢rypt cells in the intestinal
mucosa, and

to investigate if vitamin B;, and folate statushas

any assoclation with the crypt cell morphometry.

to assess the effect of alcoholic liver disease on the
small intestinal mucosal protein syntheti¢ rate and
capacity, and on the whole-body protein turnover,

to correlate the severity of alcoholic liver discase
with the changes in the rates of small intestinal
mucosal protein synthesis and whole-body protein
turnover, and

to assess 1if the amount of consumed alcohol has

an effect on the swall inlesgtinal mucousal protein

synthesis and the whole~body protein turnover.
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2.5.4 ILEOSTOMATES

The aims were;

1)

to measure the rate of small intestinal mucosal
protein synthesis in the proximal and the distal
parts of the small intestinal muceosa in subjects
with ileostomy,

to investigate if there i1s any variation in the rate
of small intestinal mucosal protein synthesis between
the wvariocus regions of the small dintestine, and
to assess the effect of ilecostomy on the whole-body

protein turnover.
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SECTION 111

METHOBOII OGY A ND EXPLERIMIENTATL

DES LGN
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CHAPTER 6

STABLE ISOTOPES TECHNOLOGY

3.6.1 INTROLDUCTION

The demonstraticn of the existence cof isotopes of the

element neon using wass spectrometry (MS) was first made by
Sir J J Thompson in 1913 (107). Today the basi¢ principle
used to analyze stable isotopes remaing unchanged.
Ashton laid down the ground work of stable isotope tracex
studies by using the measurement of isotope ratioc by mass
spectrometry to establish the basis of the whole number rule
of atomic weight in the 1930s (46) . However, it was
Schoenhzimer et al. (108) in the early 19308 who was able to
demonstrate the dynamic nature of protein wetabolism in the
Pody uwsing isotope ratio mass spectrometry (IRMS).

The chromatographic system using gas to carry molecules
through a gorbent filled column was suggested by Martin and
Synge in their Nobel Prize winning study published in 1941
{109). The introduction of gas-liquid chromatcgraphy in 1950s
(110) and it's subsequent interface with MS wag a major
breakthrough in analytical technology. The gas chromatography
and mass spectromelry have preven to be well matched for
combined operation, and advances in gasg chromaltography-mass
spectrometry (GCMS) methodology have been +the main reason
behind the wider application of stable igotopes in metabolic
research (35,46}.

A schematic representation of the components of GCME is

shown in figures 3.6.1.
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3.6.2 GAS CHROMATOGRAPHY

Chrométography is a method that separates mixtures of
substances by their differential migration through a +two-
phase system consisting of a mobile phase (flowing gas or
liguid) and & stationary phase (fixed porous sorbent). The
primary function of the mobile phase 1is to promote the
progression of analysts through the system and the priwmary
function of the stationary phase is to imp%gmﬁelectively the
progress of different analysts. The mobile\fhase in GC is a
flowing inert carrier gas and in liguid chromatography is a
chemically active solvent.

Separation of wvolatile compounds by GC is simple, rapid and
reprodﬁcible method of high resclution. The sample is
vapouriged in the heated injector and swept through the
column by an inert carrier gas suclk as helium, hydrogen,
nitrogen or methane. The sample 1in the carrier gas 1is
referred to as the gas phase or meobile phase.(tb& separation
process on the column occur in a temperature—éontrolled oven

and effluent enters the MS interface.

3.6.2.A DERIVATIZATION
Most metabolic substrates in the body are not volatile,
therefore to he separated hy GC these compounds wmust be

converted to derivatives that are : thermally stable,

chemically inert and wvolatile at temperature below about
3000C. The strong intermolecular attractions Petween polar
groups render most metabelic substrates non-volatile.

Derivatizaticn can markedly increase volatility by masking of

-




50

polar groups. Replacement of hydrogen in these groups by
alkylation, acylation or silylation increases the volatility.
There are important factors to be considered in choosing a
dexrivative to use for GCMS analysis such as ease of
preparation, stability of the derivatized sample, the
separation characteristic on the GC, the resulting
fragmentation pattern as well as prior use and documentation
of particular derivative. Account must be taken of the extra
atoms added Dby the process of derivatization and their

contribution to the ohserved mass spectrometry data.

3.6.2.8B PARTITION COEFFICIENT (K)

The injection port of the gas chromatogram is about 2500¢C
so that all compounds of the sample arce vapourized. After
injection the sample is partitioned between the inert carrier
gas and a staticnary phase which i1is a nonvolatile liguid
coated onto the sides o0of the column or onto an inert, size-
graded sclid and packed into column. The different compounds
in a sample will be present partially in the stationary phase
and partially in the mobile phase depending on their vapour
pressure. The ratio of the weight of solute per ml
staticonary phase (nonvolatile) to the weight of solute per ml
mobile (gas) phase is Lhe partition coefficient (K). A
compound with a low K (high vapour pressure) will be present
to a greater extent in the gas phase and come of the column
(elute) more rapidiy than will compounds with lower vapour
pregsure. The column tecmperature can be regulated to enable

the elution of the compounds of interest in ag short a period
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as possible. The GCMS interface can also he heated so that

the eluted comupounds do nclt condense.

3.0.3 GC~MS INTERIFACE

The carrier gas flow rate for a a GC is too high and at
too great a pressure to enter into Lthe ioan source of the MS.
The sample is also diluted with the carrier gas. Therefore a
separator at the interface hetween GC and the MS is required
tco reduce the pressure and increase the relative amount of
gsample that enters the MS. The scparatecr depends on the
difference between the physical propertics of the carrier gas

and the sample.

3.6.3.A TYPES
Mainly there are three types of separators commonly in use
i.e jet, effusion and indirect membrane separators (Figure

3.6.2).

{(a) Jet Separator; The effluent Ifrom the GC passes
through a swall orifice into an evacuated tube. Increased
concentration of the sample gas is achieved by pumping the
lighter carvier gas away from the heavier component i.e the
sample 1in the Jjet stream. The sample continues into a
collecting capillary that leads into the iocnization chawmber

of the MS.
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(b)Y FEffusion Separator; The effluent from the GC passes
through an inlet caonstrictor +that reduces pressure from
approximately 760 to 1 Torr, The carxier gas 1is separated
from the sample because the rate at which the gas effuse
through the glass frit to the external wvacuum 1s inversely
proportional to the square root of the molecular weight and
directly proporticnal to the partial pressure of each
component. The concentrated stream then passes to the
ionizing chamber through a second restrictor and the carrier
gas will preferentially effuse through narrow pagsage in a

porous glass frit and be pumped away by a forepump.

(c) Indirect Membrane Separator; The preferential passage
of oxrganic vapcocur through a silicone polymer membrane
concentrates a sample when a membrang separator is used. The
carrier g¢gag 1is 1ingoluble in the polymer and 1is therefore
pumped out, while the vapour cof sample car pass directly into
the MS. This type of separator is Llemperalture dependent and
there is also a significant time lag between the entry of
compounds and thelr transfer to the MS which made the
membrane separalor legs favoured than the other types of
separators.

Some MS are designed so that the GC =sffluent enter in the
ion source directly so that prior sample separation ig not
required, This is particularly ccmmon when a capillary GC is
used, since the carrier gas flow rate is so much less than

when a packed-column GC is used.
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3.6,4 MASS SPECTYROMETRY

The »asic principle ol mass spectrometry is that the
sanple is introduced into a vacuum chawmber through the inlet
and then i1onized and advanced thrcugh the mass filter or
analyser. The ions are sgorted by their mass-to-charge {(m/e)
ratios. After mass analysis, the separated groups of ions are
collected and a data system converts the signals from the
ions to the desired output. The processes within the MS all

occur when under high vacuum conditions.

3.6.4.24 IONTZATION CHAMBER
For +the znalysis of isotopic enrichment, two types of
ionization are most widely used, electron impact and chemical

ionization.

Electron ITmpact, Sample molecules enter the
ionization chamber where they pass through & beam of
electrons. This beam is emitited frem a heated filament and is
attracted toward a positively charged nlate. If a molecule is
struck by an electron sufficient energy may be imparted to
remove an electron from the samnle molecule resulting in a
meolecular ion:

M+ e = MY+ 2e.
The electron trap is held at a potential thal is positive
with respect to the filament and it isg ceonventional to set
the electron heam energy at 70 =V. The enerqgy in cxcess of
that need to ionize the sample is dissipated by fragmentation

of the molecular icon. The pattern of fragmentation, as




35
reflected by the MS, of a sample is consistently
characteristic of that particular sample. This idonizaltion

mode is more useful for the detecrmination of enrichment at

different positions in a given molecule.

Chemical Ionization., A reagent gas 1s ionized at a
relatively high pressure, about 1 Torr, and the resulting
reagent gas ions react with sample molecules to yield charged
products. Little fragwentation occurs in this type of
ionization since 1little internal energy is imparted to the
ion produced in this type oI ionization. This method is
useful for determining molecular weilght or total mass
enrichment resulting from stakble iscotope <racers, without
differentiation of the posgition in the molecule in which the

heavy isolope is located.

Other Methods. These are new techniques of ionization
which inveolve desorption i.e the molecule is both evaporated
from a surface and ionized. Thesge technigues are of limited
application in metahelic research as they have bheen designed

to enable the analysis of larger molecules.
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3.6.4.B MASS ANALYSER
vVarious wmass analysers exist, but the ones which are

useful in metabolic studies employ either a gquadrupole or

magnetic mass analyser,

Quadrupole, This mass filter consist of four parallel
cilircular rods that radiate an clectrodynamic field. Opposite
rods are electrically connected, and the applied voltage
consist of a constant DC compcnent and a ratioc freguency (RF)
component. Because of the oscillating field, a positive ion
entering the guadrupole region will oscillate between the
electrodes at a specific RF. The guadrupole mass filter will
thus allow ions of certain mass to pass through depending on

the magnitude of the field.

Magnetic Mass Analyser. This type of analysers is usually
used with IRMS instruments. Either a permanent magnet or an
electromagnet is used to deflect the molecular ions according
Lo their masses. EBach mass is differenl enough that the major
and winor isotopecs of the gaseous wmolecular ions can

simuitaneously be collected on spatially separate detector

plates.

3.6,4.C ION DEYECTION

The detection of dions in GCMS work is most freguently
enhanced with an electron multiplier. The ions that exit from

the mass analyser Dbombard the surface of the electron

N
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metallic surface and these e¢lectrong in turn cause the
ejecticn of wore electrons until the signal of cach ion is
amplified 105107 times. Both regative and pocsitive ions can
be detected that way. The amount of ampiificaticon depends on
the c¢nergy and mass of the incident 4don, +the age and
condition of the electron multipliser and the voltage applied

to electron multiplier.

3.6.4,D DATA HANDLING

Interfacing with a computer i1is reguired in order to
collect and process the generated data. A computer can he
programmed to c¢ollect, store and manipulate data in several
different ways, For isotopic studies there are two modes that
are most useful. One type allcws for scanning and storing of
several entire spectra. The other is for repeated scanning of
only selected iong frem a spectrum and is called SIM, which

stands for selected or specific ion monitoring.

3.6.5 ISOTOPE RATIO MASS SPECTRCMETRY

The IRMS is designed to measure iscotopic abundances of
elements in gaseous form. Thus when 2H, 13C, 15N, 180 ang 343
are used as tracers, their enrichment 1s most commonly
determined from hydrogen and nitrogen gas, carbon dioxide and
sulphur dioxide. This instrument 1is capable of detecting a
level of 10 parts per million which is quite adeguate for the
measurement of <H/ln, 13c/1%¢, 180y160 or 15N/14N ratios in

metabolic studies.




The inlet system of Lthe MS is connected to the gas holding
cells which contain the sample gas and Lhe reference gas. The
gas molecules stream from the helding chamber Lhrough the
molecular leaks into the MS which is under high wvacuum. The
capillary leak lines lcad to a pair of switching wvalves that
admit the sample and the reference gas alternatively to the
ion source. All the MS conditions are maintained at the same
settings during the analysis of both sawmple and reference,
and 1if the true ratio of the reference is known, then an
absolute ratio for a sample can be determined. Once in the
source, the gas molecules are bombarded by electrons that are
emitted from the filament wire. Some o©of the wmolecules become
positively charged and past a series of focusing lenses into
the analyser section of the MS. The molecular ions are
deflected by the magnet toward the idion detector. The ion
detector is usually a Faraday cup or electrometer amplifier.

Data handled by a computer or strip chart recorder.

3.6.6 COMPARISON BETWEEN GCMS AND IRMS

The GCMS and IRMS are complementary instruments, and both
are useful for perforwming metabolic traccer studies. The main
advantage of the GCMS analysis is the almost limitless
variety of samples that can be analyscd while small number of
pure gases can be analysed by IRMS. Using GCMS 1s less
tedious for any compound otTher than pure gas and smaller

samples are ncedcd than IRMS.
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The advantage of the IRMS is the greatesr precision of

measurement of isctopic enrichwment. A comparison hetween GCMS

and IRMS is given in table 3.6.%(46,107).

TABLE 3.6.1 Comparison belwoeen TRMS and GCMS,

IRMS GCMS3

Sample typo Pure gas Volatile organic

compound

Sample size 1073-10"6 gm 1077-10"10 gm
Mass analyser Magnet Quadrupole
Precision 1 0.0001 t 2.5

Enrichmenlt range C%~0.5% 0.2%-100%
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CHAPTER 7

SMALL INTESTINAL MUCOGAL SAMPLING

3.7.1 INTRODUCTION
Biopsy material f[frow the mucosa of human small intestine
free of post mwortem autolysis or surgical +*trauma did not
become readily available until 19%6 (111). Prior to that
small mucosal specimens were obtainred by lapratomy or post
mortem (112). Later on Crosby and Xugler introduced an
intestinal Dbiopsy <capsule capable o¢of removing mucosal
specimens from any level of tThe :intestinal tract (113).
Subsequentiy many nmodifications and additional biopsy tubes
have beer described (114). The peroral small bowel biopsy has
altered the concepts of patholeogical changes and provided an
impoxtant tool for investigation of certain physiolcogical
processes (115).
The introduction of <fibreoptic pan-endoscope had
undoubtedly revolutionised the examination of the
gastrointestinal tract and opened a new chapter in

Gastroenterology in the early 1970s (116).

3.7.2 CROSBY KUGLER BIOPSY CAPSULE

This intestinal Dbilopsy capsulie obtains samples of mucosa
from the small bowel by oral passage of the capsule and
attached tubing to the area to be biopsied. Suction created
by a syringe pulls wmucosa into a peort on the side of the

capsule and triggers the knife.
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3.7.2.4A COMPONENTS OF THE CAPSULE

The components of the Crosby Kugler capsule are shown in
figure 3,7.1.

These components include; the cylinder which contains two

holes, one for obtaining mucosal specimens and the other hole
is attached to the polyethylene tubing. The Xxnife i1is a
cylindrical block with a blade on cne cdge and works by cock-
and-trigger wmechanism. Phe knife has a space to fit the
screw which secure the spring on assembling the capsule,
The dowme is the top of the capsule covering the open end of
the cylinder. When the capsule is asgembled, a latex rubber
diaphragn is used to separate the c¢ylinder and dome., A
pclyethylene tubing i1s attached to the cylinder and acts as a
transmitter of suction to the capsuls as well as gerving as
the means of reotrieving the capsule after taking the biopsy.
Other componants are, a ring clip to hold the capsule,
hyvpodermic syringe to injesct saline and air and to develop
suction.

In our studies we used Croshy Kugler capsule, adult model
{Quinton, Seattle, Washington 981Z1, USA) with a diameter aof
9.5 mm and a port diameter of 3 mw. The pelyvelthylene tubing
we used was 5 feet long, inner diameter of 0.055 inch and

outer diametexr of C.075 inch.
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Figure 3.7.1 Conponents of Crosby Kuglar capsule.
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3.7.2.B ASSEMBLING AND PASSING THE CAPSULE

The knife and spring assembly are dropped into the
cylinder. The knife is then cocked by turning anti-clockwise
and a circular piliece of latex rubber diaphragm with a
diamcter of 2 c¢cm laid across the open cnd of the capsule. The
latex rubber diaphraqm converts the dome into air-tight
chamber and acts as & gaskel binding Gthe dome and the
cylinder together. The dome is then pressed into the capsule
and secured in it’s place with the xring c¢lip. The capsule
assembly then checked for leaks or mechanical probklems which
might prevent in vivo firing. Patient then asked to swallow
the c¢apsulie with the tubing. A radio-opagque guide wire is
threaded into the tube to make it stiffer and help passing
the capsule gquickly. Once the capsule is in the stomach the
position is verified by fluoroscopy. The wire is removed and
the capsule is allowed to pass through the pylorus. Sometimes
we need to give the patient metoclopramide {Maxolon, Beecham
Research, Hertfordshire, Eng¢land) 10 mg intravenously to

speed the passage of the capsule.

3.7.2.C TAKING MUCOSAL BIOPSIES

The capsule is fired when it reaches the desired locatltion
which is 10 com distal to the ligament of Trietz (Figure
3.7.2y, verified by flucroscopy. HNormal saline is dinjected
first to clean the tubing, then air injected to c¢lear the
saline. The capsule is fired by applying suction with the
syringe and creating negative pressure to suck the mucosa

ingide the capsule and triggexr the knife. The capsule is
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removed gently, opened and mucesal specimen retrieved. The
khiopsy 1s teased onto a piece of mono-filament mesh with the
villug side up. B3 small portion is cut, weighed and sent for
dissacharidases analysis. The rest of the specimen is sent

for histopathology.

3.7.2.D DISCUSSION
The original design of the capsule has been modified by

replacing the original spring with a simple one to simpiify

AR

#

it's} assembly, The knife hlock was also modified to
gbﬁéﬁmodate the new coil spring (117).
The use of a guide wire in the polyethylene tubing has many
advantages. Xt assists the passage and positioning of the
capsule making the procedure quicker and minimized patient’s
discomfort (117,118,119,120).
The use of Crosby Kuglar capsule is quite safe, however,
occasionally some difficulties might he encountered. The
capsule might be slow to progress or difficult to withdraw
out through the pylorug. Changing the patient’s posture orx
the use of metoclopramide {Maxolon) and hyoscine-N-
butylbromide {Buscopan) ustally overcome -these problems
{119). We have not encountersed any of the rare clinical
complications with using this cansule, gome of these
complications are, abdcwminal pain, pyrexia and gastro-
intestinal bleeding. Although small bowel perforation with
fatal outcvome had been reported (121,122), but this is very
rare indeed. Some people found Che use of a smaller capsule

easier and less unpleasant tc swallow by patients (123).




3.7.23 GASTROINTESTINAL ENDOSCOPRPY

The idea cof direct wvisual examination o¢of the gastro-—-
intestinal mucosa dates back to the 1870s, when rigid scopes
were used. It was only during the 1960s fibreoptic
instruments for direct wvisual examination of the gut were
being developed (124). With the modern scopes most endoscopic
examinations are well tclerated and can be performed on an
outpatient basis nowadays using only light sedation. The
ability to take mucesal tiszsue specimens is a crucial part of
endoscopy. The procedure 1is carefully explained to the
patients and a formal written informed conscent is obtained
from the patients.

‘e scopes we used were; forward viewing pan endoscope
Olympus GIF XQ 20 for upper gastrointestinal endoscopy and
paediatric colonoscope, Olympus PCF for ileoscopy (Key Med
Ltd, South end-on-S%ea, Esszx, England). Pat%ents were sedated
with slow intravenous (IV) dnjection of 5-10 myg midazolam
(Hypnovel, Roche Products Limited, Hertfordshire, ILngland).
During the procedure oxygen was given via a nasal oxygen
cannula (Universal Hospital Supplies LTD, Southgate, London,
England) at a rate of 4 l/min. Patients pulse rate and oxygen
saturation were moniteored during the procedure using pulse

oximeter (Ohmeda Biox, BQC Health Care, Louisville, USAY.

3.7.3.5 MUCOSAL BIOPSY S2AMPLING
Full endoscopic examination was performed before taking

biopsy to assess the intestinal muccsa. Then the duodenal
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mucosa was biopsied distal to the awmpula of Vater and the
terminal lleum was biopsied within the distal 50 cm f£rom the
i1leostomy gtoma (T'igure 3.7.2). The bicpsy forceps we used
were FB-25 K (Key Med, 8South end-on-Sea, Essex, England)
which is the standard fenestrated type compatible with the
instruments we used. Intestinal mucosal samples were dealt

with according to the protocol as outlined in chapter 8.

3.7.3.8B DISCUSSION

Fibreoptic endoscopy 1is a safe and well tolerated
procedure, however certain precautiong need to be obgerved to
avold potential hazarde. These hazards include oversedation,
adverse reaction to the drugs used and cardiac arrvhythmias
particularly in the elderly. Oxygen delivery and vital signs
monitoring are =zssgential to avoid these complications. Due
care must be paid to the cleaning and diginfection procedures
of the sceopes to avoid transmission of infections such as

salmonella and hepabtitis among other infections. Qther rare

- S,

complications such as;ﬁbrforation,Kiﬁpaction of the endoscope
and bleeding had been rcported during advanced therapeutic
procedures, under emergency circumstances and in the presence
of risk factors such as inmpaired cocoagulation and portal

hypertension (124).
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3.7.4 HANDLING OF MUCOSAL BIQPSIES

The Dbiopsy speciwmens were obtained from the small
intestinal mucosa and sent for histopathology including
histomorphometry, assay of disaccharidases activity and
determination of protein and nucleic acids composition as
well as the £free intracellular and protein bound tracer

enrichments.

3.7.4.A Higstopathology.

Pistal duodenral mucosa and terminal ileal mucosa were
biopsied using fibreoptic endoscopy. Crosby XRuglar capsule
was used to biopsy the j=junal mucosa, Specimens were sent to
the pathclegy department in Buin’'s solution. The jejunal
biopsies were retrieved from the capsule.agd teased onto a
piece of mono-filament mesh with the vi@I%SxSide up, after
taking a small portion for disaccharid&se activity. The
mounted specimens were then dropped in the fixative (Buin’s)
solution with the villus side down and the mesh up to prevent
detachment of thc specimen from the mesh. Specimens obtained
by Dbiopsy forceps were dropped directly 1in the fixative

solution,

3.7.4.B Disaccharidases Activity.

A portion of the jejunal biopsy was weighed quickly and
freezed under ~200C for disaccharidase activity assessment.
Two distal duodenal biopsies were also taken and dealt with
in a siwmilar way. The average weight of these specimens was

10 mg.
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3.7.4.C Protein, Nucleic Acids and Free and Protein Bound
Tracer Enrichment.

Mucosal biopsies from the terminal ileum, distal duodenum
and Jejunum werc obtained and welghed. They were transported

in liguid nitrogen and kept frozen at -700C until analysis.
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CHAPTER 8

DEVELOPMENT OF A TECHNIOUE OF MEASURING MUCOSAL PROTETN

SYNTHESTS

3.8.1 MEASUREMENT OF PROTEIN SYNTHESIS

The mathods used to measurc protein synthesis in animal
and man depend on the fact that proteins are synthesised from
free amino acids only. The rate of protein synthesis can be
neasured as either the rate of incorvoraltion of a labelled
amino acid into protein or the decay rate of labelled
proteins (37). The methods available row for studying protein
turnover (synthesis and bhreakdown) are, whole-hody protein
turnover melthods (125), wethods for regional amino acid
metabolisie and protein turnover (126) and measurement of
protein synthecsis by precursor {amino acids tracer)
incorporation teachnigques (127). My work, which is described
in Lhis thesis, 1is concerned with the <tracer incorporation
technigques to measure the small intestinal mucosal protein

synthegis and whole~body protein turnover.

3.8.2 THE PRECURSOR POOL FQOR PROTEIN SYNTHESIS

In the 1950s there was a number of attempts to ascertain
the source of amino acids for pretein synthesis, whether
proteins were gynthesized from free amino acids or free pre-
existing proteins or peptides. It was concluded that proteins
were made de noveo from free amino acids and this conclusion

is accepted today (128).
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Invegtigations of aminc acids pool in single-cell organisms
such as bacteria, yeast and woulds served as & basis for

studies on more complex systemg (129,130,131,132).

Then different tissues wecre used for in vitro igudies such
as small muscles (133,1i34), pancreas (135), f;é%pl bones
{136,137}, liver slicesg both from animals (158} and man
{139) and submandibular glands (140). There was no adeguate
means of assessing the viability o¢f the tissue and was
difficult to prove the uniformity of the melabolic process
and iscotope labelling within the tissue as the substrates
were supplied by diffusion from *he wedia. A reliable in
vitro organ culture technique had heen developed for small
intestine (141). In these studies it 1g impossible to
determine the effect of variocus metabolic stimuli on the
protein turnover. Theresfore studies on perfused organs were
developed where the circulatory system 4is intact so that
metabelites and tracers can reach the cells by their normal
route. Organs perfused in these studies were liver
{142,143,144) and heart (145,146).

Experiments in the whole animal in viveo have confirmed the
results obtained on perfused organg in vitro. In this type of
studies compartmentation of amino acides in different tigsues
have Dbeen demonstrated (147). In scme tissues i1t has been
possible to measurce specific activity of the aminc acids
bound to tRNA which is the 1resl precursor of protein

synthesis (148,149,150). The tracersg were given via different
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routes and methods including continuous feeding
{151,152,153), intraluminal perfusion (60,154), intravenous
injection {155,156, 157) constant intravenous infusion

{128,158) and intraperitoneal injection (159).

The use of radicactive tLlracers in wan isg not justified
particularly with the increasing sensitivity of modern mass
spectrometers to measgure Lthe stable isotopes enrichment
(Chapter 6). Variocus routes and methods were used to deliver
the tracer amino acids in human studies such ag; single IV
injection, flooding dose IV  injection, Continuous Iv
infusion, Primed Continuous IV infusion, Continuous IG
infusion and Primed Continuous IG infusion. Currently,
protein synthesis is measured predominantly by using a
primed—constant- infusion c¢r flooding dose of labelled

precursor (46).

3.8.3 CHOICE OF AMINO ACID TRACER

When a labelled anino acid is delivcred to the body it is
rapidly distributed in the body fluids from which it is
incorporated inte protein. The method of continuous infusion
of labelled amino acid enables rates of protein sgynthesis to
be caiculated from the infusion of any amino acid, but a
suitable choice will optimize the speed and accuracy of the
measurement. A number of factors determine the choice of a
tracer amino acid. It should not have mcectabolic pathways of
guantitative impcertance other than gynthesis of protein and

oxidation. The time required to reach a plateau enrichment
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with a continuous infusion method is short although can be
overceome by giving a prime dose. Other Tactors are not so
important nowadays with the availabilily of sensitive
analvtical methods. 2Among these factors is the contamination
of the amino acid with the D isomer. The method used to
gseparate the amino acids has an effect as well. Enzymatic
method 1s guicker and cheaper Lhan separation by column
chromatography on an autltomated amine acid analyser although
this latter methed is more accurate (37). It is immaterial
whether the traccr amino acid is essential (127,160} or non-
esgential (161) as long as the appropriate precursor pocl can
be identified and the precursor labhelling measured (35). It
has been shown that gimilar results obtained wusing both
types of amineo acids (1i62,163).

Leucine has been used as a tracsr in many studies because
it is rather abundant in protein at about 8-10% {(35) and its
free pool size is relaitively small so it can be rapidly
labelled and tracer incorporaticon intoe protein will be
gfficient {164). A gcneoral assumption of tracer methodology
iz that therc is no recycling of tracer and any amino acid
that enters ithe protein pool is lost irreversibly in the time
Frame of a normal tracer experiment (165). It has heen
claimed that for leucine, recycling of label from protein can
e a problem within several hours of tracer infusion
{166,167). Howecver, research has shcwn this nrot to be the
case {(165) and it seems safe tc assume that there is little

tracor recycling in an experiment of ncrmal duration (46}).
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There have been relatively few studies of the metabolism
of wvaline (168,169,170) ccmpared with studies of leucine
metabolism. The ketoacid of wvaline, alpha-ketcisovalerate
(KIV) offers the same technical opportunity to sample
intracellular enrichment in a similar way to leucine and
alpha-ketoisocaproate (KIC). The rates of plasma flux and
oxidation ¢f valine are gimilar to thosc of leucine but the
transamination equilibrium favours leucine transamination
over valine by five fold.

Phenylalanine is not metabolized peripherally and it is

virtually entirely metabolized by the liver (46).

3.8.4 CHOICE OF TRACER DELIVERY TECHNIQUE

As mentioned earlier, currently, pzrotein synthesis isg
measured either by using the primed-constant infusion or the
flooding dose injection technique. In both methods the
assumption ig that there is a homogenreous metabolic nitrogen
pool of which plasma constitutes a part (127,46).

In their study, Halliday and McKeran achieved a plateau
labelling of 1{15N]lysine in 14-16 hours (127) therefore to
overcome this problem another amino acid with a smaller free
peol size, leucine was used and a prime dose was injected
before the constant infusion to enable rapid achievement of
plateau enrichment of the precursor (160,164). In this method
usually small dose of 99% level of labelling used .9 1 mg/kg
prime dcse followed by 1 wmg/kg/h for 4 h. The use of priming
dose was first described in 1954 (171) in conijunction with a

constant infusion c¢f tracer. The advantages of reducing the
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time to reach isocotopic equilibrium are to make it possible to
study subjiects within a few hours without interfering with
patient care and also to avoid the possible changes in the
physioclogical state of the subijects studied if the infusion
takes long time, thereby altering the kinetics of the
substrate that are being studied. The final eguilibrium value
is not affected by the prime dose, cnly the time to reach it
is shortened. The ultimate plateau enrichment is the sum of
the decline in the conrichment of the prime dose and the rige
in enrichment resulting frow the continuous infusion. At
plateau enrichment (isotopic equilibrium}, the rate of
appearance of the unlabelled substrate igs equal tc the rate
of tracer infusion divided by ths plateau enrichment (46). In
this method Lkere is uncertainty in the estimation of the
labelling of the precursor pocl and difficulty in identifying
the true precursor enrichment for the calculation of protein

synthesis, hence there 1% a limit tc the accuracy of the

calculated values (35,46, 164).

The so called flcooding dose technigque tries to solve the
precursor problem by bringing all of the free amino acid
pools {intra and extlra cellular compartmants) including the
pool that 1is used for charging *TRNA to a common value of
labelling, thus enabelling vates of protein synthesis to be
calculated with minimum error (37). A mixture of large dose
of tracer.amino acid at a relatively low level of labelling
{20%) and a tracee amiro acid to a total dose of 50 mg/kg
body weight is given iniravenously over a few minutes. Target

tissue is bhiopsied after about 90 minutes and analysed by
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usual methods (172) . Theorelbically this method should
eliminate uncertainty regarding precursor enrichment and it
should be posgible tc use only one plasma enrichment
measurement to quantify the true precursor enrichment.
Another advantage is the potential for rapid and convenient
measurenent of protein synthesis rales in  human under
hospital conditions (46,172). This technigue was adapted from
the original use of the radiocactive Ltracers (150). On the
other hand, there are potvential problem with this technigue
as it assuines thal the large dose of the amino acid injected,
well 1n excess of the total bedy free pools of that amino
acid, will have no effect or the rate of protein synthesis.
Furthermore, the assumpiion ©Lthat there is no delay in the
incorporation of tracer amino acid from the free pool to the
protein bound pool 1.2 protein synthesis 1s instantancous
(46). Using this technique, (172,173,174) the rates of
protein synthesis obtained have heen approximately twice
those cobtained with the primed-cengtant infusion method
(175,176). To investigate this, gsimultaneous measurement of
incorporation of continuously infused <tracer into protein
hbefore and after flooding dose of amino acid was performed.
The results suggest Lthalt the flooding dose itself may
introduce artefacts in the nmeasurement cf protein synthetic
rate (175,177}). QOther examples of an apparent increase in the
rate of tracer incorpcration as a result of flooding-dose
protocol can bhe found for albumin (176), non—albumin protein
in blood (35) and for collagen (41). The difference is not

attributable to an analysis problem as the Carlick group are
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thenselves able to reproduce the same values obltained by
others using the constant infusion <Llechnigue. One possible
explanaticon is that the large dose of leucine induces insulin
gsecretion which stimulale protein synthesis and which happens
hefore taking the first klood sample and by that the peak of

insulin secretion was missed by Garlick group (164).

3.8.5 THE PRECURSOR PRCBLEM

The ideal precursor to measure the protein synthetic rate
is the awminocacyl %RNA (35,37). There are difficulties in the
measurement of the tRNA. The free LRNA peool 1is extremely
small and the rate of protein synthesis relatively fast, the
half time of tRNA pool turnover should be correspondingly
small and was calculated to ks of the order of seconds (178).

Another problem i1s tnat direct measurements of the LRNA

demand large tissue specimens (1~5 gm) (179} which must be

handled with special caution because of the small amount of

PN

tRNA present and %t ?\rapid turnover rate (148). Although the

plasma KIC labelllng ig always higher than the intracellular

leuciﬁ-énrichment (46,18¢C), nbverfhele“ﬁ, the extent of tRNA

labeliing appears to be close Lo that of alpha-KIC whlchflays) s
hetween venous leucine labelling and the 1ntracellular
leucine labelling (181). It seems now thal the labelling in
varioﬁs pools as follow; venous leucine 100%, venous alpha~

KIC 82%, leucyl CRNA 78% and intracellular free leucine 72%

{182). According to this, any errors in the measurement of

the rate of protein synthesis cannot be greater than about

20% (35).
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CHAPTER 9

EXPERIMENTAL DESICN, CALCULATIONS AND STATISTICATL ANATLYSIS

EXPERTMENTAL DESTGN

3.9.1 SUBJECTS

Healthy volunteer subjects and patients with varxious
gastrointestinal diseases were recruited during the course of
this work. Patients with untreated coeliac disease, alcoholic
liver disease and ulczrative colitis freated with total
colectomy and--ileostomy were included in the studiesg. Both
male and female adults were studied in the post absorplive
state i.e asked to fast from 2100 on the evening before the
study, which was carried out between 0900 and 21400 of the
following morning. There was no adaptation to a standard
diet prior to the studies Dbut the subjects and patients ate
their accustomed diet. These studies were performed in the
Department of Gastroenterology, Glasgow Royal Infirmary
University NHS Trust. Each subject gave written consent after
a full explanation of the study. a1l the studies were
approved Dby the 1local ethics committee o©of the Royal

Infirmary, Glasgow.

3.9.2 TRACERS

The stéble isotope tracers L-[1-13C}leucine and L-[1i-
13civaline (99 Atom %) were obtained from MassTrace, Woburn,
. MA. OgPe_ weilghed acgqrding to the protocol and subject’s

weight, the powder was d&issolved in a beaker with the
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appropriate amount of sterile, non—-pyrogenic 0.9% NaCl
solution (150 mmol/l1l) (Paxter Hesalth Care Litd, Thetford
Norfolk, England), hefore administration. *'he solutions were
sterilized by passage through a 0.20 micron filter (Acrodisc-

DLL, Gelman Sciences, US2A).

3.9.3 EXPERIMENTAL PROTOCOL

The paticnts were studied in the morning following an
overnight fast, they neither received food nor drink during
the study and remained semi~recumbent in a thermometer
environment room temperature (25-27 OC). Venous blood samples
were taken from a 14G/2 mm outer diameter cannula (Venflon-2,
Viggo AB, Helsingborg, Sweden) placed retrogradely in an
anti-cubital vein and maintained patent by heparin IV flush
golution 10' unit/mrl (Heplok, Leo Laboratories Limited).
Before sampling, 3 ml of wvenous blood was withdrawn and
discarded, then 5 ml of venous bklood was withdrawn and
centrifuged at 2.8 x 1000 RPM at room temperature for 20 min
using IEC Centra-3 centrifuge (Bedfordshire, England). 2 ml
of separated plasma was collected and kept in liguid
nitrogen at ~1800C in 2.0 ml cryogenic vials (Corning, N.Y,
14831). Priming doses of either L-{1-13C]leucine or L-[1-
13¢)valine 1mg kg~ ! body weight were given IV over one min in
25 ml of 0.9% NaCl via 0.2¢ micron filter and using 18G/1.2
mm outer diameter cannula followed by a constant infusion of
the same tracer at a rate of Img kg~ ! body weight h™1 over 4
h time using 120 ml ¢f 0.3% NaCl (30 mli/h). The infusion was

controlled with IVAC-531 volumetric infusion pump (VAC-House,
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Harrow, England). Simultaneously the complementary tracer
(either L-[1-13Clvaline or L-[1-%3C]leucine) was given via
the enteral route. A priming dose of 1 mg xg~1 body weight
was dissolved in 50 ml 0.9% NaCl and delivered over two min
via a naso-gastric tube, XRO-Paediatric Ducdenal tube-39306
{(Vygon, Ecouen, France) followed by a constant infusion of
the same tracer dissolved in 480 ml of 0.9% NaCl at a rate of
1 mg kg“l body weight h~! for 4 h (120 wl/h) and delivered
via a wvolumetric pump (MHRE-7 Walson - Marlow Limited,
Cornwall, Exngland). The position of the naso-gastric tube was
checked radiologically by an image intensifier and infusion
only started after gelting =z saltisfactory position of the
tube. Figures 3.3.1 to 3.9.4 d1llustrate the experimental
protocols followed in Lhe studies.

A group of control subjects and the patients with coeliac
disease received two tracer amino acids via the IV and the IG
route simultanecusly and had &an upper gastrointestinal
endoscopy to obtain distal duodenal biopsies at the end of
the tracer infusions (Figure 3.9.1).

Another group of healthy volunteers received IV L-[1-
13¢)leucine only, but these subjects had two endoscopies done
to obtain intestinal mucosal samples at varicous times during
the tracer infusion. This protocel enabled us to asgsess the
rattern of tracer incorporation into the intestinal wucosa
(Figure 3.9.2).

The alcoholic liver disease patients received IV infusion
of L-f1-13C}leucine only and had one upper gasltrointestinal

endoscopy done to obtain duocdenal biopsies (Figure 3.9.3).
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In the ileostomy group I cobtained small intestinal mucosal
biopsies from Lwo sites i.e jejunum and ileum at the end of
the IV tracer infusion (Figure 3.9.4).

The wet weight of the mucosal biopsies was >50 mg to
ensure the availability of adequate amount of tissue for
analysis. These samples were immediately frozen in ligquid
nitrogen, then subsequently stored, with the plasma samples,
at -700C until subjected Lo analysis. Further biopsies were
taken for histology, fixed in Buin‘s solution, and for
dissacharidases asgsay. Venous blood samples were taken at -
15, ©, 60, 120, 180 and 240 minutes respectively and

separated plasma kept in liquid nitrogen.

3.9.4 13¢ ANALYSIS

Analysis of 3¢ enrichment in plasma and neutralized
perchloric acid (PCA) extracts of freceze-dried, ground
mucosal tissue were determined by GCMS. As urea interferes
with CGCMS, we had to remove it by incubation with Jack-bean
urease at 370C for 15 minutes. Plasma amino acids were
extracted with methanolic HCl (4:1, v/v), the solvent removed
by evaporation, and then the rcsidue redissolved in pyvridine
before preﬁaration of t-butyldimelthylsilyl (t-BDMS)
derivatives by reaction with N-methyl-N-(L-DBDMS)}) trifluoro-
acetamide (Regis Chemical Company, Morten Grove. IL, USA)
{183). GCMS was carried out on Finnigan 1020B insgtrument
{(Finnigan MAT Ltd, Hemel Hempstead, UK), fitted with a 20 m x

0.2 mm inner diameter OF WCQOT chemically bhonded fused silica
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column {Pierce UK Ltd, Cambridge, UK), with temperature
programmed from 110 to 2709C at 159C/min aflter a 1 min lag.
Decane was used as solvent. Tlhe injector temperature was
2800C and injection, in the splitless mode, was complete in
30 8. The carrier gas was 5elium at 50 kPa. The mass
spectrometecr was operated in the electron impact mode with an
ionization energy of 70 eV. The enrichment of [l~13C]leucine
and [1—13C]valine were determined by monitoring m/z 302 and
303. The enrichment in ketoisccaproate (KIC) and
ketoisovalerate (KIV) were determined by similar methods
using O-trimethylslilyl quinoxalinol derivatives (184) and
monitoring m/z 232 and 233.

To determine the *3C enrichment in protein bound leucine
and valine, protein from freeze-~dried, ground mucosal samples
was repeatedly washed with PCA, acid hydreolysed (6M HCl) and
amino acids were separated by preparative gas chromatography
(185}, which 1is rapid and simpler thean the c¢lassical ion-
exchange chromatography (186) . CO, was liberated by
ninhydrin, which 1is a powerful oxidizing agent causes
oxidative decarboxylation cf alpha-aminco acids producing COé,
NIl and an aldehyde with one less carbon atom than the parent
amino acid {187). The 13C enrichment was determined using the
automated breath gas system optimized for small quantities of
CO, (188) and isotope ratic mass spectrometry. We also used
the automated 158 13C analyser (ANCA) Tracer Mass and
RoboPrep-G (Buropa Scientific Ltd, Crewe, UK). The ANCA

system reduced the cost of analysis and improved the
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laboratery productivity. It usuallv needs minimal sanmple

handling as well as smaller samples.

3.9.5 PROTEIN COMPOSITION

The mucosal tissue biopsies were transported and stored in
liquid nitrogen or in -709C freezer prior to analysis.
Minimum weight of 50 mg was ground to powder, in liquid
nitrogen, and was transferred Lo a glass tLube containing 3 ml
of ice c¢old 0.2 M PCA and centrifuged after 10 min. The free
aminé acicds and ketoacids were extracted in the supernatant.
Lipid material then was removed from the pellet in a series
of solvent washes., Protein 1s then solubilised in 0.3 M NaOH
in a water bath at 370C for 60 min. An aliquot was removed
for the measurement of protein concentration using Folin’s
reagent as outlined by L?;;EQ (189). The protein then

reprecipitated by Llhe additioﬁ-of 2 ml iM PCaA,

3.9.6 NUCLEIC ACIDS COMPOSTITION

RNA was extracted using 0.2M PCA and DNA extracted with 2M
pca at 709C for 60 min. The protein was re-pelleted by
centrifugation and hydrolysed by 6M HCL for l3C-analysis. The
determination of nucleic acids was by dual wavelength
ultraviclet absorption method (1%0); RNA from UV absorbance
of 260 nm and 275 nx, and DNA from UV absorbance at 268 nm
and 284 nm, on a UV gpectrophotometer using quartz Cuvettes

and PCA as a reagent blank.
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3.9.7 HISTOLOGY

Intestinal mucosal specimens were fixed in either 10%
formalin bhuffered saline or Buin’'’s sgolution, embedded in
paraffin wax and 4 u sections prepared for light microscopy.
Sections were stained with haematoxylin and eosin. Mucosal
histology was considered normal when the villous pattern was
intact and wvillus to crypt ratic greater than 2:1 in the
absence of any increase in the number of inflammatory cells.

Other methods performed, such as aigstomorphometry,
disaccharidase assay, serwn vitamin 312 & folate and red cell

folate are discussed in the relevant chapters.

CALCULATIONS

The measurement of protein synthesis by the determination
of the rate at which a prcocursor is incorporated is termed
the fractional synthetic rate (FSR). This refer to the rate
of syntheses, c.g gm/day divided by the total protein pool
size, gm. In the steady state, the fractional degradation
rate, ky 1is equal to FSK {synthesis = breakdown}). The value
for kg has no necessary relationship to kg, which is the rate
parameter from the amino acid pool to the protein pool and is
gquite different from FSR. However, the optimal technigue to
measure the FSR of a specific protein using the primed
constant infusion method of an amino acid tracer is to
determine the pattern of enrichment of the protein bound
amino acid and to use compartmental modeling to calculate the

rate parameter relevant to protein turnover. In this case it
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is assumed that, if precursor enrichment is constant, then
over the first several hours of infusion the tracer will be
incorporated into protein in a linear manacer. In this case
the FSR (ks' h*l) can pe calculated using the expression;
ks (3h71) = (B - Eg/Ep) X 1/t x 100

where Et is the enrichment in tissue protein at time t, Eg is
the baseline enrichment and Ep is the enrichment of the
precursor {(46). The calculation of the FSR by the short-term
constant infusion technigque has many obvious practical
advantages, but is limited by the need to identify the true
value of precursor eanrichment (Ep) (Chapter 8). The precursor

we used in our calculation was the intracellular tracer amino

acid enrichment.

Whole~-hody proltein breakdown was c¢alculated using the
expression; Protein breakdown (umcl of leuc¢in /kg/h) = F
(umol /kg/h) /Ex1- X 100%, where F 1is the rate of 1leucine

infugion and Eggyc 18 the enrichmeul of the ketoacid (191).

STATTISTICAT, ANALYSTS

Values were cxpressed as means * 8D and average (range).
Statistical analysis by means of Wilcoxon's ranking test for
the non parametric, unpaired data (Mann-Whitney test), paired
and unpaired Student’s t-tests, Spearman’s rank correlation
or two-—tailed t test as appropriate. Differences were

considered significant at P values of <0.05.
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CHAPTER 10
GUT MUCOSAIL PROTEIN SYNTHESIS MEASURED USING INTRAVENOUS AND

INTRAGASTRIC DELIVERY OFF STABLE TRACER AMINO ACIDS

4,.10.1 INTRODUCTION

In the 1last fifteen years the use of sgtable-iszsotope
labelled amino acids has revolutionized Uthe measurement of
human tissue protein metabolism studied by estimation of
blood tracer flux and incorporation of tracer amino acids
into tigsue bhiopsies (46). Although there is a substantial
interest in human gastrointestinal protein metabolism and
there are reports of measurement of tracer incorporation into
normal and diseased gastrointestinal tract tissues
(32,192,193,194,195) no robust, well validated method exist
for measurement of mucosal protein synthesis in the small
intestine in huwan beings. A guestion of some significance in
designing such a method is whether a preferential route of
entry of amino acids to the synthetic precursor pool, via the
apical or basolateral membrane, exists in small intestinal
mucosal tissue, via the apical or hasolateral membrane, both
have been supported by work in animal preparations (154,196).
Alternatively, the free intracellular pool may simply contain
a mixture of bascolaterally and luminally derived amino acids
from which precursor is drawn according to the degree of
mixing (1927). Unfortunately no information pertaining to this

gquestion exists for human gut in vivo.
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4.10.2 AIMS

The aims of thig study were; 1) to develop a method that
would allow measurement ofF protein synthesis in any
gastrointestinal mucosal tissuc capable of beiné sampled
either by investigative biopsy or interxoperatively and 2) to’
investigate the effect of route of administration of tracer,
whether IV ox IG, and 3) to compare the measured rates of
distal duodenal mucosal protein synthesis to previously

obtained rates in other tissues and the whole body.

4,10.3 SUBJECTS AND METHODS

Seven healthy subjeccts, six men and one women (age 26 — 59
yvears, weight 56 - 86 kg) (Table 4.10.1) were studied. All
subjects were asked to fast from 2100 on the evening hefore
the study, which was carried out between 0900 and 1400 of the
following morning. Before fasting the subjects ate their
accustomed diet. Each subject gave written consent, which wasg
carried out under the auspices of the Ethics Committee of the
Glasgow Royal Infirmary University NHS Trust. The subjects
were investigated over a period of 4 h during which stable—
isotope-labelled tracers L-[1-13Cjleucine and L-[1-13C]valine
were infused, 1 mg.kg™ ! priming dose followed immediately by
constant infusion of 1 mg.kg‘l.h‘l either IV c¢r IG. In four
of the subjects (3 men and 1 women) leucine tracer was given
IV and valine ftracer IG simultaneously. TIn the three others
(3 men) the routes of delivery were reversed (Figure 3.9.1}.
There were no differences in body mass index (198) or age in

the subgroups. At the end of 4 h of infusion, duodenal mucosa




TABLE 4.10.1 Characteristics of normal subjecits studied for
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duodenal mncosal protein synthesis.

Patient Age-Y Sex Weight-kg Height—-cm %$Ideal BW
1 57 M 65 158 105.01
2 53 M 85 185 112.58
3 59 M 70 178 98.18
4 55 M 56 172 82.23
5 26 M 70 180 96.69
6 51 F 86 160 148.02
7 47 M 80 173 116.45

% ideal BW : % ideal body weight (198)
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was sampled distal to the ampulla of Vater via endoscopy, as

described before (Chapter 7), to obtain the 50 mg of tissue
necegssary for analysis. The endoscopic forceps Dbhiopsy
technigque usually reguired five cr six separate samples from
different mucosal sites. Venous blood samples were taken
before infusion of tracer and at hourly intervals over the
period of infusion for the analysis of 13C in leucine,
valine, XIC and KIV. Plasma was separated by centrifugation
and immediately frozen for later analysis. The labelling of
plasma amino acids and keto acids were measured by means of
standard GCMS technigue using ©~BDMS derivatives (199).
Mucosal tissue samples were frozen in  liguid .nitrogen
immediately upon sampling and were pooled for storage at
—700C; they were analyzed for concentration of protein, RNA
and DNA (120). Total plasma protein from the preinfusion
samples [precipitated by use of 10% {(wit/vol) PCA] was used to
estimate basal body protein 3¢ labelling for use in the
calculation of mucosal protein synthetic rate. In our
experience the background enrichment of human tissue proteins
from whatever tissue source varies by very little. The
average basal value for leucine was 17 * 1%, over Pee Dee
Belamnite (PDB) and for wvaline 23 + 1%, over PDB. The
labelling with 13¢ of leucine and valine in hydrolysed
protein using preparative GC and IRMS of the CO, liberated by
ninhydrin (185). Valucs for labhelling werc cxpressed as atom
or mole percent excess as appropriate, and rates of protein
synthesis were calculated as desgcribed in chapter 9. The

increase in the enrichment in tissue protein over the basal
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value at time ¢ was measured £from the actual value of
labelling in the mucosal protein obtained after 1-4 h of
infusion which was 250-1,000 3%,, depending on the rate of
tracer delivery.

Statistical significance of differences was assegsed by
means of paired and unpaired Student’s t-test; significance

was assigned at the 5% level.

4.10.4 RESULTS

Mean wvalues and their standard errors are presented.
During IV and IG infusion of [13C)leucine and [13C)valine the
plasma tracer Jabelling attained plateaun values which were
maintained within 12% for 4 hrs. The plateau values of the IV
tracer were 5.46 * 0.25 APE (atom percent excess), 10%
higher than the plateau values of the same tracer given IG,
4.99 + 0.25 APE, IV vs. IG, (paired Lk-test) P < 0.01 (Pigure

4.10.1).

The route of tracer administration strongly influenced the
gradient of labelling between the leucine and valine in the
intracellular water and in the plasma; for IV tracer the
plasma to intracellular amino acid poecl ratio wag 1.73 %= 0.16
but for IG leucine or valine the ratio was reversed 0.65 %

0.12, P < 0.002 (Figure 4.1C.2).

IG infusion resulted in the attainment of a higher rate of
labelling of the intracellular mucosal amino acid pool than

IV infusion with leucine or valine (Figure 4.10.3),
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The extent of incorporation of tracer leucine and valine
into duodenal mucosal protein was 2.3 - 3 folds higher after
4 h of infusion of tracer gi%éEIG than when tracer was given/

IV (Figure 4.10.4).

However, when the rates of incorporation were related to
the extent of 1labelling of the appropriate tracer in the
intracellular mucosal water, the rate of protein synthesgis in
the distal duodenal mucosa bhecame indistinguishable at about
2.5% h~l., Exact rates were 2.58 £ 0.32% h~l for IV
administration of tracer and 2.45 * 0.36% h~! for IG

administration of tracer {Figure 4.10.5).

If the plasma keto acids of leucine and valine obtained
during IV infusion were used as surragate indices of the
intracellular labelling the protein synthetic rate calculated
were 1.8 % 0.4% h™l, a value not significantly diffecront from
that observed using the mucosal free labelling values (Figure

4,.10.6).

The rate of labelling of the respecative kcto and amino
acids with 13¢  alse depended upon  the route  of

administration. When the tracer was given wvia the IG rocute

the mean kelo acid/amino acid labelling ratic was 0.94 £ 0,02
for alpha—-KIC and leucine and 0.93 * 0.02 for alpha~KIV and
valine, whereas the respective ratios for the IV routes werc

0.76 £ 0.07 and 0.78 * 0.02 (Figurc 4.10.7).
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p < 0.002

plasma / Intracellular Tracer TLabelling Ratio
{

(Y
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Route of tracer administration

Figure 4.10.2 Plasma/intracelliular gradient of tracer

labelling for IV and -G routes.
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Mucosal tissuc showed a high c¢oncentration of RNA relative
either to DNA or to protein, indicative of a substantial
capacity for protein synthesis (Table 4.10.2). The rates of
protein synthesis expressed in terms of RNA were 0.32

protein.h_i.mg RNA™L,

TABLE 4.10.2 Mucosgal tigsue composition and protein

synthetic capacity.

Protein DNA RNA Prot. synt. capacity
mg.g—1 mg.g~3 myg.g~1 myg prot.h~1.mg RNA™1
15.24 + 0.30 0.68 = 0.04 1.20 = 0.06 0.32 + 0.04

4,10.5 DISCUSSION

The observed higher rate of labelling of the mucosal
intrécellular free amino acid pool with tracer amino acids
after intragastric infusion was not unexpected given the fact
that the apical membrane of mucosal cells c¢ontain
concentrative Na-dependent amino acid vcarxriers for the
branched chain amino acids (BCAA) whereas the basolateral
membrane contains only non~concentrative facilitated
diffusive carrilers (200). Nevertheless, despite the
substantial d&ifferences in the extent of lakelling of the
intracellular and plasma pool of leucine and valine when the
tracers were administered IG or IV, and despite the

substantial differences in the absolute extent of labelling
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of mucosal prcotein, the rate of mucosal protein synthesis
calculated on the basis of the intracellular amino acid pool
iabelling were identical.

No information ig available regarding the relationship
between the various free aminec acids pools and the labelling
of leucyl or valyl tRNA in duodenal mucosal protein. We have
previously found that in the pig, leucyl +RNA in stomach
mucosa 1is labelled to an extent which 1s indistinguishable
from that of alpha-RKIC during primed constant infusion of
[13C]leucine (201)y. Tt may therefore be that calculating
protein synthesis Dbased on the intracellular amino acid
labelling (which is probably lower than the aminoacyl tRNA)
slightly overestimates the true duodenal mucosal protein
synthesis and that the true rate lies somewhere between a
rate calculated using plasma alpha-keto acid (for IV infusion
only) and the intracellular values,

The results suggest that in the post-absorptive state,
there 1is no detectable preferential channelling of amino
acids intec protein synthesis from the apical or basgeclateral
membrane of the small intesgtinal mucosal cells. The question
of whether or neot such channelling occurs has Dbeen
controversial, with experimental findings favouring each
hypothesis (197,154). However, the present results,
apparently the first obtained <from physiclcgical kinetic
gtudies in human beings in vivo, tend to support the idea
that the free intramucoesal pool obtaing aminoe acids from a
variety of sources and that as expected from previous work on

"~ rats (196), neither the basolateral nor the apical route is
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favoured. Even so, the guestion may have a different answer
if asked for the fed state in which the availability of
lunminal amino acids will be greater, and it would be unwise
to extrapolate from the present findings to other nutritional
states.

The lower plateau wvalues for plasma labelling for the
tracers infused via Lthe IG route than the IV route suggested
that the IG tracers were being diluted to a greater cxtent by
amino acids released from protecin breakdown, most likely in
the splanchnic tissue. Such an interpretation was first
applied to similar findings obtained under similar
circumstances by Hoerr and colleagues {(202).

The relative rates of labelling of the keto aund amino
acids for tho tracers used agrees with the results obtained
previously by Hoerr et al (202). The results suggest that
there 1is little transamination of the BCAAs during their
passage from the gastrointestinal lumen into the peripheral
blood in accordance with the known low capacities of the gut
and liver for BCAA transamination {203).

The fractional rates of protein svnthesis observed in the
duodenal mucosa were high, being some 25-50 times greater
than those previously observed for muscle (175,204} and also
about two to three times greater than those determined for
normal c¢olonic mucaesa  (39,173,194)., It is impossible to
exactly quantify the total amount of small intestinal mucosal
protein in order to calculate the absolute amount of protein
synthesis contributed by the gastrointesliinal tract but the

high rate suggests that mucosal protein synthesis is a major
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contributor to whele body protein turnover. The extent to
which human mucosal protein synthesis can be modulated by
physiological influences including nerveous, hormonal and

nutritional effects, remains to be determined.

4.10.6 SUMMARY

We measured the rates of mucosal protein synthesis during
the simultaneous delivery of [1-13C)leucine and {1-13C)valine
delivered either IV or 1G to invesligate any influence of the
route of supply of the tracers. Depending on the route, there
was marked differences in the gradient of labelling between
the plasma and intramucosal leucine and valine i.e, for IV
tracers the ratio was 1.73 + 0.16, but for IG tracers it was
0.65 £ 0.12 (p < 0.05). The calculated fractional rates of
protein synthesgis were identical when based on the
intracellular labelling of the leucin or wvaline tracer i.e,
with IV 2.58 * 0.32 %/h and with IG 2.45 + 0.36 %/h. The
results demonstrate that a robust and reproducible method of
measurement of gastrointestinal mucosal protein synthesis has
been developed and that use of either IV or IG routes of
tracer adminislration gives comparable resultg. The high
rates measured suggest that the gastrointestinal mucosa
contributes substantially to whole hody protein synthesis in

normal healthy subjects.
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CHAPTER 11

THE PATTERN OF TRACER AMING ACID INCORPORATION TNTQO

INTESTINATL, MUCOSAL PROTEIN

4.11,1 INTRODUCTION

The mathematical approaches for measuring the
incorporation of labelled amino acid, and release of labelled
amino acid from, individual protein in bhody cells or tissue
follow established precursor-product relationship (37). The
measurement of protein synthesis by the determination of the
rate at which a precursor 1is incorporated in a specific
protein is currently mads by using a primed-congtant infusion
or a flooding dose of 1labelled precursor (Chapter 8),
Synthesis of a specific protein is termed the FSR (Chapter 9)

whichi@é} in traditicnal modeling is not necessary related to

\

the k; even in the steady state, although the kd is equal to
FSR (protein synthesis = protein Dbreakdown). However, the
value of kg is egqual to FSR if the pattern of incorporation

of the precursor in the protein is linear (46).

4.11.2 AIM

The aim of this study was to check whether the rate of
incorporation of tracer into smail bowel muacosal protein was
linear in order to validate the method we used to calculate

protein synthetic rate.
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4.11.3 SUBJECTS AND METHODS

Four healthy subjects 2 men and 2 women {Table 4.11.1)
were studied. They were infused with IV [1-13C)leucine only.
In order to measure the enrichment of the label in the
mucosal tissue we needed to take mucosal samples at various
points during the 4 h infusion. Each subject had two
endoscopic procedures and distal duodenal biopsies were
obtained using biopsy forceps, taking 5~6 separate samples
from different mucosal sites. Biopsies were taken either at
1, 2, 2.5, 3 h of infusion, and also at 4 h of infusion.
Blood samples were taken before infusion .of tracer and at
hourly intervals over the period of infusion for the analysis
of 13¢ enrichment (Figurc 3.9.2). Plasma was separated by
centrifugation and immediately frozen with the mucosal tissue
samples for later analysis. Standard GCMS technigues were
used to measure 13C plasma enrichment. The labelling with 13C

of leucine in mucosal protein using preparative GC and IRMS.

TABLE 4.11.31 Characteristics of normai subpijects studied foxr

the pattern of duodenal mucosal tracer incorporation.

Patient Age-Y Sex Weight—-kg Height-cm %Idecal BW

1 54 M 87 185 115.23
2 24 F 63 166 102.77
3 21 M 62 162 87.95

4 40 F 79 160 135.97
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4.11.4 RESULTS

During IV infusion of [1_13C]leucine the plasma leucine
labelling attained a plateau value of 5.5 + 0.35 APE (mean =#
SE); this level of labelling was reached within half an hour
of the heginning of our infusion protocol. The slopes of the
lines for the [1—130]1eucine incorporation intc duodenal
mucosal protein showed a variance of no more than + 15%, y =
0.050x + 0.044, 12 = 0.88 P < 0.01 (Figure 4.11.1),
suggesting that the rate of incorporation was linear with
time. Time zerc values in the figure were obtained from
basal plasma protein enrichment. Lines show individual
regressions for 4 subjects for 3 values obtained. The average
rate of mucosal protein synthesis calculated in these
subjects on the basis of the intracellular muccsal leucine

labelling was 2.6 + 0.38 %.h~1,

4.11.5 DISCUSSION

The results o©of this study indicate that leucine Utracer
wag incorporated into gastrointestinal protein to an extent
proportional to the time of exposure of the tissue to the
tracer at least when delivered 1IV. We have assumed that this
is also the case for the tracers delivered IG. Any error
introduced by this assumption is likely to be small given the
convergence ©of the values obtained for the rate of protein
synthesis based on the free intracellular tracer amine acid
labelling., Therefore the kg calculated in this infusion

protocol is egual fto the FSR when using the expression K,

(sh~1) = (B - By/Ep) X 1/t X 100.
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4.11.6 SUMMARY

We moasured the ratec of mucosal protein synthesis and the
rate of tracer incorporaticn in the duodenal mucosal protein
during IV dJdelivery of [1—13C]leucine. Tracer incorporation
into mucosal protein was linear with time during a steady
state when the plasma tracer enrichment reached a plateau
value. This linear incorporation of tracer amino acid into
the mucosal protein validates the method we used to calculate

the FSR.
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CHAPTER 12

IN PATTIENTS WITH UNTREATED COELIAC DISEASE

§.12.1 INTRODUCTION

Coeliac disease (gluten—-sensitive enteropathy, non-tropical
sprue} is characterized by: generalized malabsorption; a
typical, but nonspecific, small intestinal mucosal lesion;
and a clinical and slower histeclogical response to withdrawal
of gluten-—containing foods from the diet. The hallmark of
coeliac disease ig subtotal villous atrophy, abnormal
epithelial c¢ells on the mucosal surface and increased
cellularity of the lamina propria (205). Rates of epithelial
cell renewal and migration in cocliac discase have been
reported to bhe increased six fold and the epitheliial cells
lining these crypts contain numerous mitotic figures
(206,207},

We have developed a safe, reproduciblc and reliable
method to measure protein synthesis in the gastrointestinal
mucosa using branched chain amino acids labelled with 13¢
(Chapter 10) and used it to measure the rates of protein
synthesis in the duodenal mucosa in patients with coeliac
disease. No measurements of protein synthesis have previously

been carxried out in vivo in coeliac patients.
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5.12.2 AIMS

The main aims of this study were; 1) to measure the rate
of small intestinal mucosal protein synthesis in untreated
coeliac patients when the tracer was administered by IG and

IV routes, 2) to compare the results with those results

obtained from normal subjects, and 3) to determine the effect
of route of delivery on the rate of protein synthesis in

ceoeliac patients.

5.12.3 PATIENTS AND METIIODS ﬁ

Eight patients (51 + 10 y, 57 * 11 kg, 160 + 6 cm) with
newly diagnosed untreated coeliac diseasce, four men and four
women (Table 5.12.1) were gstudied. Each patient gave written
consent after a full explanation of the study. Approval for
the studies was obtained from the local Ethics Committee of
Glasgow Royal Infirmary.

The c¢riteria for diagnosis of coeliac disease were;
clinical history of chronic diarrhoea with or without the
passage of watery, pale stools with abdominal discomfort,
distension and weighit loss; subtotal wvillous atrophy and
inflammatory cellular infiltration of the lamina propria,
mainly plasma c¢ells and lymphocytes, in all patients as shown
on jejunal biopsies obtained khy the Croshy—-Kugler capsule

{113); clinical and histolegical resgponse to the introduction

of a gluten free dict. None of the subjects studied were
taking any additional wmedication such as non-stercidal anti=-

inflammatory analgesics.
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TABLE 5.12.1 Characteristics of cocliac patients studied for

duodenal mucosal protein syvnthesis.

Patient Age-Y Sex Weight-kg Height—-cm %XIdeal BW

i 45 F 40 151 74.63
2 65 E 61 160 ' 110.15
3 52 F 52 158 91.23
4 52 M 45 158 72.70
5 39 M 64 167 87.71
6 65 F 67 159 116.52
7 51 M 67 169 100.6
8 40 M 65 159 104.50

% i1deal BW : % ideal body weight (198)
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L-[1-13Cjleucine and L-[1-13C)valine both 99 atom %,
immediately before administration, were dissolved in sterile,
non-pyrogenic 0.9% NaCl solution and were sterilized by
passage through a 0.20 micron filter.

The patients were studied in the morning after an
ovefnight fast. Venous hlood samples were taken, centrifuged
and separated plasma was kept in ligquid nitrogen. Priming
doses of either L-[1-13C]leucine or L-[1-13C]valine (1mg/kg
body weight) were given IV over one min; a constant infusion
of the same tracers at a rate of 1lmg /kg body weight/h usging
120 ml of 0.9% NaCl was then continued for 4 h.

Simultaneously, the other tracer (either L—[1—13C]valine or
L-[1-13C]leucine) was given via the enteral route. A priming
dosc of 1 mg/kg body welight in 50 wl 0.9% NaCl was delivered
via a mnaso—-gastric tube over two min followed by a 4 h
constant infusion at 1 mg/kg body weight / h in 480 ml of
0.9% NaCl (120 ml/h). After 240 min of continuous infusion,
upper gastrointestinal endoscopy was performed and multiple
distal duodenal biopsies were obtained. The range of the
pooled wet welght of Dbiopsies was 58.0-65.1 mg. Further
biopsies were taken for histology and disaccharidase assay.
Venousg blood samples were taken at =15, 0, 60, 120, 180 and
240 min respectively and scparated plasma kept in liguid
nitrogen with the biopsies (Figure 3.9.1).

Biopsy Ulissue was dquickly weighed and transferred for
storage at -700C until disaccharidase estimates were done,
Before assay the biopsy tissue was homogenized in chilled

distilled water and centrifuged. The disaccharidasge
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activities (lactase, maltase and sucrase) were assayed in the
supernatant by a modification of the Dahlgvist method (208).

The labelling of plasma leucine, valine, alpha~KIC and
alpha-KIV were measured by mcans of standard GCMS techniques
using t-BDMS derivatives (199). Mucosal tissue samples were
frozen in liguid nitrogen immediately on sampling, and
samples pooled for storage at -709C. The labelling with 13cC
of leucine and valine in hydrolysed protein was done by using
preparative gas chromatography and IRMS of the CO, liberated
by ninhydrin as previously described (185). Plasma protein
from the pre—~infusion samples was used to estimate basal
hody protein 13C labelling for use in the calculation of
mucosal protein synthetic rate, The pooled mucosal tissue
sanples were analysed for concentration of protein, RNA, and
DNA (189,190).

We calculated protein synthesis as fractional rate using
the equation kg (%h-1) = (E. - Eg/Bp) X 1/t x 100. The
precursor we used in our calculation was the intracellular
tracer amino acid. The calculation by this eguation depends
on the fact that the tracer incorporation into the protein is
linear, which we have previously demonstrated (Chapter 11).

Wheole-body protein breakdown was calculated using the
expression; Protein breakdown umol of leucine /kg/h = F
(umol/kg/h) /Exy» x 100%, where F is the rate of leucine
infusion and Ex1c is the enrichment of the keto acid (191).

Values were expressed as means * SD. Statistical analysis

used Wilcoxon’s ranking test for the non parametric, unpaired
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data (Mann-Whitney test). Differences were congldered

significant at P values of <«(0.05.

5.12.4 RESULTS

All patients showed wvillous atrophy on histological
examination of <their Jjejunal and duodenal mucosal biopsies
and they were all negative for Giardia. The disaccharidase

activities were reduced in all patients (Table 5.12.2),.

A plateau level ¢f 5 + 0.27 APE of tracer enrichments
was achieved within one h of infusion for both IV and IG
routes and remained so throughout the infusion period until

biopsies were obtained at endoscopy (Figure 5.12.1).

Distal duodenal mucosal protein synthesis rate was markedly
elevated in coeliac patients compared with control subjects
whether determined by incorporation of the IV or IG infused
tracers. IV tracer, c¢oeliac vs. control 3.58 * 0.45 vs. 2.26
+ 0.22 %/h P<0.05; IG tracer 6.25 + 0.52 vs. 2.34 = 0.52 %/h,
P<0.01 (Figure 65.12.2}. Labelling of mucosal intracellular
amino acids was higher when tracer was given IG than IV but
there were no differconces between the control subjects and
coeliac patients (Figure 5.12.3), suggesting that the higher
rate of protein synthesis measured with IG tracer in the
coeliac patients was not the result of differential precursor

Jabelling or Jluminal tracer malabsorption.
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TABLE 5.12.2 Disagcharidasgse activities in jejunal biopsiesg

from the coeliac patients studied.

Patient Lactase Sucrase Maltase
Normal 1-12 3-18 10-55
rangc

1 0.1 0.5 2

2 1.6 4,9 1.9

3 0.2 0.3 2

4 0.1 0.2 1

5 0.2 0.9 o)

6 0.0 1 4

7 0.0 0.4 2

8 0.3 2.9 1.0

The disaccharidase activities are expresscd as international

unit/gm of wet weight (IU/gm).
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Protein/DNA ratios were reduced in the patients with
coeliac disgease compared to the control subjects, 9.2 + 1.6
mg/ug vs. 13,0 &£ 2.2 mg/ug, respectively P < 0.05 (Figure
5.12.4). The protein synthetic capacity, RNA/protein ratio,
was elevated in the coeliac patients compared to the control
subjects, 172 + 7.5 ug/mg Vs, 137.1 + 5.7 ug/mg

respectively, P < 0.005 (Figure 5.12.5).

Whole-body protein breakdown in coeliac discasc was 206 +
16 umol legg}ne/kg/h and in the control subjects 196 + 44
umol leuci%%ﬁg/h, the difference between the 2 groups not
being Statiétically significant, suggesting that the effect

of coeliac disease is localized to the intestinal mucosa.

The keto acid/amino acid ratios after IG delivery of
tracer amino acids were sgignificantly lower in cocliac
patients for bhoth +tracers; KIC/leucine and KIV/valine were
0.95 + 0.03 and 0.94 % 0.03 in controls and 0.74 = 0.02 and
0.79 £ 0.06 in coeliac patients respectively P < 0.05 (Figure
5.12.6). .

Duodenal mucosal tissue in coeliac patient'%howed a high
concentration of RNA relative either to DNA ;; to protein,
indicative of a substantial capacity for protein synthesis.

The rates of protein synthesis in terms of RNA were 0.33 for

the IV route and 0.58 mg protein.h~1l,mg RNA~1 (Table 5.12.3).
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TABLE 5.12.3 Mucosal tissue compesition and protein

synthetic capacity in coeliac patients.

Protein DNA RNA Prot. synt. capacity
mg.g—1 mg.g~1 mg.g~1 mg prot.h~}.mg RNA™1
12.67 = 0.15% 0.85 £ 0.06 1.35 £ 0.06 0.33 £ 0.05 1V

0.58 & 0.06 IG

5.12.5 DISCUSSIQN
This study presents for the first time the effect of
untreated coeliac disease on the rate of small bowel mucosal
protein synthesgls in vivo. The rate of protein synthesis by
the gmall intestinal mucosal cells was higher in coeliac
patients in spite of the smaller size of the cnterocytes. The
increased rate of mucosal protein synthesis 1in coeliac
patients ig in agreement with the results of an in vitre
study by Jones et al.(209). They cultured jejunal mucosa
from patients with coeliac disease, treated coeliac disease
and controls with 14c-labelled leucine for 24 h and found
that protein synthesis by mucosa from untreated coeliac
patients was significantly greater than hy control mucosa.
We calculated the mucosal protein synthesis as fractional
rate relative to the intracellular tracer enrichment. Ideally
the precursor should be the amincacyl tRNB which is difficult

to measure (178,179). Therefore, we used free muccsal
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intracellular tracer enrichmenlkl as a surrogate for TRNA
(Chapter 10).

Presentation of the tracer amino acid to the apical
(luminal) side of the enterocytes seems to be associated with
higher protein synthetic rate than on presentation of these
tracers on the basolateral (intravascular) sidc. This finding
was unexpected and is not seen in normal healthy subjects,
probably due to the preferential channelling of amino acids
from the luminal side Dbecause of the immaturity of the
enterocytes in coeliac disease.

Coeliac disease 1s caused by damage to the villous
epithelium of the small intestinal muecosa, giving a
characteristic histological appearance (210) in response to
the ingestion of dietary gluten which is present in most
cereal grains (211). The condition may be accompanied by
malabsorption of many nutrientsg, bhut the c¢clinical ﬁicture
only appears when the small intestinal damage is severe or
deficiencies appear (12). There is evidence of increased
mucosal c¢ell turnover with marked proliferation of normal
crypt cells (212), and our findings are in agreement with
this. So far the metabolic capacity of these cells remaing
unclear,

Our diagnostic criteria for +the diagnosis of coeliac
disease depended on Jjejunal Dbiopsy rather than endoscopic
distal duodenal biopsy. IEndoscopic bhiopsies tend To be
smaller in size, difficult to orientate and interpret
(210,213,214,215). They are also of lower disaccharidase

activities comparing to the jejunal biopsies, particularly so
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for *the lactase enzyme (216,217). The values of these

disaccharidase activities are shown in table (5.12.4) (218}.

TABLE 5.12.4 Normal values of disaccharidase activities in

the duodenal and jcijunal mucosa.

Site Lactase Sucrase Maltase
Duodenul 0,5-7.4 1.3-10,7 5,.8~35
Jetunum 1-12 3=-15 10~55 .

The KIC/Leu and KIV/Val ratios were below 1 and were
significantly lowexr in coeliac patients suggesting more
dilution of the keto acids resulting from elevated rate of
protein breakdown and turnover. The intesiinal mucosa showed
evidence of atrophy as manifested Dby the decreased
protein/DNA ratio. The extrapolation that the protein/DNA
ratio reflects epithelial cellular gize has been confirmed by
conducting histomorphometric studies on the small intestinal
mucosal biopsies from the coeliac patients and the control
subiects (Chapter 13). The capacity of protein synthesis
(RNA/protein) is elevated in the coeliac paltients. Thig is
probably a reflecticon of the immaturity of <the enterocytes
lining the wvillus and/or elevated rate of mucosal protein
breakdown. In conclusion the small intestinal mucosal cells
in coeliac disease sgeem to be immature, hence there is poor
development of absorptive and melabolic functions.

The results of this study provides further insight into

the changes in protein metabolism at tissue level whic¢h occur
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in patients with coeliac disease. The tissue Dbiopsies in
these studies are made up, not only of intestinal epithelial
cells but also comprise many other cell types e.g mesenchymal
cells, immunocytes and fibrous tissue. The contribution of
the lamina propria to the protein synthesis is negligible, as
the rate of mucosal protein synthesis was the same in all the
untreated coeliac patients in spite of the varying degree of
inflammatory cellular infiltration in those patients.
Furthermore, it has been found by analytical subcellular
fractionation that most of the net protein synthesis takes
place 1in the enterocytes and only negligible amounts
synthesised by the cells of the lamina propria (141} Further
developments o©f the current technigue of measuring mucosal
protein synthesis imr vivo is reguired to allow the
contribution of each cell type to the rate of protein
synthesis in the whole biopsy to be determined.

Jones et al. found that protein synthesis by treated non-
responsive c¢oeliac mucousa was significantly less than
untreated coeliac mucosa .but greater than control mucosa
{209). Further in vive study is required to reevaluate the
rate of protecin synthesis in patients with coeliac disease
who have responded clinically and histologically to a gluten
free diet as well as in those patients who have not responded

to this diet.

5.13.6 SUMMARY
We have applied a robust, reproducible method foxr the

measurement of protein synthesis in the gastreointestinal
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mucosa to investigate possible differences between the rate
of ducdenal mucosal protein synthesis in coeliac¢ patients and
normal control subjects. Eight patients, means * SD (51 %= 10
y, 57 £ 11 kg, 160 * 6 cm) with newly-diagnosed untrecated
céeliac disease and seven control subjects (48 + 11 vy, 71.5 £
12 kg, 172 = 10 cm) received primed, continuoug IG and IV
infusions of L—[1—13C]leucine and L—[1—13C]valine after an
overnight fast. Distal duodenal Dbiopsies were obtained at
endoscopy performed after 240 min of infusion. Protein
synthesis was calculated from protein labelling relative to
intracellular free amino acid enrichment, after appropriate
mass spectrometric measurements. Rates of duodenal protein
synthesis were significantly greater in coeliac patients than
in control subjects (IV tracer, c¢oeliac vs. control, 3.58 =%
0.45 vs. 2.26 * 0.22 3h~l, P < 0.05; IG tracer, 6.25 % 0.97
vs. 2.34 + 0.52 sh~l respectively, P < 0.01). The rates of
mucosal protein synthesis calculated on the basis of the
tracer infused via the IG route were higher in patients with
coeliac disease than in control subjects. Tissue protein/DNA
ratios were significantly reduced 1in <c¢oeliac patients
(coeliac vs. control, 9.2 % 1.6 mg/ug vs. 13.0 %+ 2.2 mg/ug
respectively, F < 0.05) suggesting smaller mucosal cell size
in coeliac patients. Despite the villous atrophy and reduced
cell size obsgerved in coesliac disease, the rates of mucosal
protein synthesis are markedly elevated. These results
suggest that a high rate of protein synthesis may be adaptive
to a high rate of protein breakdown or mucosal c¢ell loss in

¢oeliac patients.
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CHAPTER 13

CRYPT CELL HISTOMORPHOMETRY IN COLLTAC DISEASE: COMPARISON

WITiH MUCOSAL _PROTEIN AND DNA COMPOSITION AND CORRELATION TO

VITAMIN B12 AND FOLATE STATUS

5.13.1 INTRODUCTION

Coeliac disease 1is characterized by malabsorption and
typical but non-gpecific histological c¢hanges in the small
intestinal mucosa in response to ingestion of dietary gluten.
The etioclogy of coecliac disease remains unresolved but it
seems that genetic and immunologic factors play an important
role in the pathogenesis of this discase (211).

The lesions are always most sevéé’}n the upper part of the
small intestine and bhecome progressively less marked distally
{212). The patholecgical changegs are characterized by sub-
total wvillous atrophy, abnormal surface mucosal c¢ells,
increased cellularity of the lamina prepriag mainly
lymphocytes and plasma cells, and elongation of the crypts of
Lieberkuhn (205,207). Under light microscopy the crypts cell
damage 1is recognized by reduction in c¢ell height, often
associated with increased cytoplasmic basophilia, vacuclation
and nuclear irregularity with loss of polarity. Therxe is
pronounced mitotic activity with a substantially increased

mitotic index (212,219).

The most important diagnostic fecature of coeliac disease

is that a measurable improvemcent in villous architecture
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takes place when gluten is withdrawn from the diet (211}).
Direct wvisual observation of histological sections under
light microscopy lacks discrimination compared to histometry
(220). Therefore a more sensitive measure of the
architectural changes in coeliac disease would bhe invaluable
Lo follow up response to treatment.

The small intestinal mucosa is a tissue with the most
rapid turnover of any in the bedy (205} and as such it
resenbles the haemopoetic system., There i1s an analogy between
the intestinal mwucosa and the haemopoetic system and a
nomenclature was proposed (221) based on haematological
principles. The crypt cells in the germinative zone can Dbhe
called “"enteroblast" and the adult absorptive cells, which
show no mitosis and have limited life span resembling
peripheral blecod cells, then be termed "enterocytes". The
whole process of cell turnover can be termed "enteropoeiesis"
(222},

Lack of adequate levels of wvitamin B,, or folate is the
cause of megaloblastic anaemia secondary to vitamin
deficiency (223). Structural or functional damage in the
upper third of the small intestine, such as in cceoeliac
disease, 1s asscociated with folate deficiency (224). Both
vitamin By, and folic acid are required for synthesis of
thymidylate and therefore, of DNA (224), Morpholegical
changes in the "enterocytes” similar to those seen in the
erythrocytes would Dbe expected 1in response to vitamin

deficiency.




5.13.2 AIMS

The aims o©of this study were; 1) to asses the nuclear,
cellular and c¢ytoplasmic surface area of crypt cells in the
small intestinal mucosa in coeliac disease patients and
controls; 2) Lo compare Lhese characteristics with the
protein and DNA composition of the enterocytes; 3) to asses
the effect of gluten withdrawal from the diet on  the
histomorphometri¢ characteristics of crypt ¢ells in the
gmall intestinal muccosa in coeliac disecase patients; and 4)
to correlate these histomorphometric measurements to the By,
and folate stalus and mean corpuscular volume (MCV) in the

cgontrol subjects and patients studied.

$.13.3 PATIENTS AND METHODS

Small integtinal mucosal samples were obtainzd from 40
subjects, 21 untreated coeliac disease, means * SD (42 * 14
y, 66.5 £ 12 kg, 169 + 11 cm, male/female 10/9) and 19
contreols (48 + 10 vy, 61 * 11 kg, 161 % 6.5 cm, male/female
10/11).

DNA and protein composition of the intestinal mucosa were
determined in 7 control subjects (Table 4.10.1) and 8 coeliac
patients (Table 5.12.1) as previously described (Chapter 12).

Small intestinal bicpsies from the jejunum were taken by
Croshy RKugler capsule and from the distal duodenum via the
endogscope and immediately fixed in Buin’s solution (saturated
aqucous picric acid 75 ml, 40% formaldehyde 25 ml and glacial

acetic acid 5 ml) (225) after mounting them on filter paper,
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villoug side upwards. The Dhiopsies were carefully oriented
and embedded in paraffin wax and sections (4u) were cut on
the same microtome and the speed of cutting kcept steady.
These sections were stained with haematoxylin and eosin
according to standard procedures {226) for routine
histopathological examination. All sections were viewed with
a Leitz nicroscope type 307-148.001 (Leitz-Wetzler, Germany)
through a X500 objective; appropriate photomicrographs were
taken with an Ovrthomat camera (Leitz-Wetzler, Germany) and
recorded on Kodak Tec-Pan 35 mm film, With Lhis level of
magnification, which was used throughout, a measurement of
1mim on the microphotograph was equivalent to 4.4 u on the
section.

The nuclear and cellular surface area were measured in 50
crypl cells in each section. The cytoplasmic surface area was
obtained by subtracting the nuclear surface area from the
cellular surface area.

In the sections studied the nuclear shape was elliptical
therefore the surface area was calculated from the
expression;

A =T ab = 3.14159 ab = 3.142 ab,
where A4 is the area, a the 1long radius and b the short
radius (227).

The surface area of the crypt cells was measured by the
tracing method (220). The c¢rypt c¢ells werc grouped into
sectors of &5 adjacent cells and drawings were made on
acetate sheets and the shapes cut out neatly with scissors

and weighed. On the same acetate sheet ten 10 x 10 mm squares
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were drawn, cut out and weighed using a sensitive weighing
balance (Unimatic single pan weighing Dbalance, Stanton
Instruments Ltd, London). The weight of these squares was 176
+ 4 ug and the surface area 1936 w2 (10 mm x 10 mm = 44 u x
44 y = 1936). The crypt cell’'s sectors were weighed using the
same balance and the surface area was calculaled from the
expression;

Sector’s surface arca = Sector’s Weight x 1936/176
and divided by 5 to obtain the celluvlar suxface area.
The measurement of nuclear surface area of the crypt cell was
repeated in 6 patiecnts 12-18 months after the introduction of
gluten free diet to assess the eflecl of gluten withdrawal on
the histomorphometry.

Blood samples were obtained at the time of biopsy from 12
normal subjects (age 38 + 14 y, weight 62.5 = 10.5 kg, height
166.5 £ 10 cm and male/female ratio 4/8) and 13 coceliac
disease patients (age 45.5 + 10 y, weight 62 #+ 10 kg, height
162 + 7 c¢m and male/female ratio 6/7) and cgsent for analysis.
Vitamin Byg, serum folate and red blood cell (RBC) folate
were measured by a radicassay method (Becton Dickinson
SimulTRAC Radioassay kit, New York 10962-12%4) (228,229} and
the MCV was mneasured according to the standard procedure
using automated counter in the Haematology laboratory.

Results are expressed as ranges and/or means 3 SD.
Comparigson of the c¢ellular, cytoplaswmic and nuclear surface
area as well as protein/DNA, cytoplasmic/nuclecar surface area
ratios and serum folatc levels between control and coeliac

disease was achieved bhy using the non~parametric paired test
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(Mann—-Whitney U test). The changes pre and post therapy were
carried out using paired Student t test. Correlation of the
nuclear surfacc arca to the 512, serum folate, RBC folate and
MCV was carried out using the non-parametric Spearman’s rank
correlation test and the Two-~tailed t test for P values.
Difference between values were considered to be statistically

significant at a P value of < 0.085.

5.13.4 RESULTS

The nuclear surface area in the coeliac digease
patients was higher than in the contrel subjects (coeliac
disease vs. controls; 125.52 = 21.78 u? vs. 44.47 + 10.75 u2,
P < 0.008). There was no significant difference in the
cellular surface area bhetween the two groups (coeliac disease
vs. controls ; 602.06 + 101.09 u? vs. 556.65 + 12.52 u2,
P=NS) (Figure 5.13.1}).

Protein/DNA ratic was reduced in the coeliac disease
patients compared with the controls (coeliac disease vs.
controls; 2.2 £ 1.6 mg/ug vs. 13.0 * 2.2 mg/ug respectively,
P < 0.0%) (Figure 5.12.4). The cytoplasmic surface
area/nuclear surface area raltio was again reduced in the
coeliac disease patients compared with the controls (coeliac
diseasc patients vs. controls; 3.67 + 0.58 wvé/u? vs. 9.1i1 +
0.84 u2/u2, P < 0.008) suggesting that mucosal cell size is

reduced in coeliac disease patients (¥igure 5.13.2).

Table 5.13.1 shows the levels of vitamin B,,, serum

folate and RBC folate as well ag the MCV. Serum folate lovel




was low in

controls; 2.92

TABLE 5.13.1 Vitamin B12,

0.83 vs.
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coeliac discasce

5.48

(coeliac disease patients

+ 2.1 ng/ml,

P <0,03).

scrum folate and RBC folate lcvels

and MCV values of coeliac patients and controls.

NORMAL COELIAC CONTROL

VITAMIN B, 150-730 119-693 217-625
{pg/ml) 440 376.38 404.82

+ 290 + 181.97 * 135.35
SERUM FOLATE 2.2~-11.4 1.8-3.7 2.2-9.9
(ng/ml) 6.8 2.92% 5.48

+ 4.6 + 0.83 + 2.1
RBC FOLATE 106-614 69-42¢6 120~-583
(ng/nl) 360 224,64 368.42

+ 254 * 117.13 + 145.3
MCV 76-96 76.8-96.8 81.2~94.5
(£1) 86 88.48 89.28

% 10 + 5.78 + 3.85

* Coeliac disease vs. control; P < 0.03

levels are expressed as ranges and means

S

sD

ve.
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The correlation between nuclear surface area and vitamin
By, serum folate, RBC folate and MCV in coeliac disease
patients and controls are shown in figures 5.13.3, 5.13.4,
5.13.5 and 5.13.6 respectively. The serum feolate levels in
coeliac disease showed a significant negative correlation

with the nuclear surface area (y=6.08~0.03%, r2=0.62, P<(3.02)

The introduction of gluten free diet resgulted in clinical
regpounse in the patients who were compliant with +the
treatment. However, the histological response as assessed by
routine light microscopy was variable. The nuclear surface
area of the crypt cells showed a reduction from 125.97 =+

12.34 u? down to 72.05 % 4 u?, P < 0.001 (Figure 5.13.7).
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5.13.5 DISCUSSION

Histometry, the measurement of tissue, is particularly
sultable for certain histological investigations. It offers
objectivity and makes statistical analysis easier as direct
visual observation lacks discrimination and is inconsistent
compared to histometry. It also facilitates the comparison of
higtological studieg from different centres (220).

Intestinal biopsy i1is of central importance in the
investigation of coeliac disease. Most studies concentrated
on the histological abnormality of the wvillous architecture
in the form of wvillous atrophy associated with c¢cryptis
hyperplasia and increased prominence of the intraepithelial
lvmphocytes and other lcukocytes (230). Information on the
histomorphometric characteristics of the crypts cells in
coeliac disease is lacking apart from the wmention of high
mitotic index (212,231).

The DNA in the nucleus is packaged inte 46 chromosomes in
the nucleated diploid human cells and it 1is the same for all
cells that have a diploid set of chromosomeg (36}, This study
showed significant increase in the nuclear surface area in
the coeliac disease patients which is probably a reflection
of increased mitotic activity and so the chromoscomes are not
densely packaged as in Lthe resting cells.

The change in the nuclear surface area of the crypt cell
following the introduction of gluten free diet provides an
carly indicator of the response to this therapy in coeliac

discasc.
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The reduced cytoplasmic surface area and protein content
of the small intestinal muccsal cells is an indication of the
immaturity of the mucosal cellsg in coeliac disease and could
he more sensitive than direct light microscopy.

In our control group the levels of vitamin B,,, serum

folate and RBC folate were within the normal ranges ﬁheréfé?@}

e - i

no significant correlation with the MCV.

In coeliac disease the pathological changes tend to
affect the proximal part of the small intestinal mucosa more
than the distal part and the terminal ileum, and as such the
ahsorptive capacity of the proximal part of the small
intestine is affected to a greater extent. As the folate and
iron are absorbed from the proximal part of +the small
intestine and vitamin By, 1is absorbed from the terminal
ileum, therefore in coeliac disease there is deficiency of
folate and iron rather than vitamin B, unless the disease is
so sever and exltensive Lo involve the terminal ileum. About
one third of coeliac disease patients have a low cobalamine
level (232). In our coeliac disease patients the cobalamine
levels were lower than the contreols, but the difference was
not significant (Table 5.13.1). Because of the combination of
iron and folate deficiencies the MCV values in the coeliac
disease patients were within the normal range as a result of
the dimorphic picture. Furlthermore, splenic atrophy 1in
coeliac disease is common and may result in c¢hanges in the
blood £ilm 1like target cells, Howel—-Jolly bodies, REC
fragments and erythroblasts which affect the MCV (232). It

seems that the nuclear surface area of the crypt c¢ell in




1416

coeliac disease 1s affected by the folate status and not the
ferrous status.

Further studies are needed to measure the small
intestinal mucosal tissue folate and iron levels and
correlate these levels directly with the histomorphometric

characteristics of the crypt cells in coeliac patients.

5.13.6 SUMMARY

We performed histomorphometry on the crypt cells of small
intestinal mucesal samples obtained from patients with
untreated coeliac disease and normal subjects, The
histomorphometric c¢haracteristics were; conpared with the
protein and DNA compesition of the intestinal mucosa;
correlated tc the vitamin B, and folate status; and repeated
after the introduction o©f gluten free diet. Jejunal and
distal duodenal bhiopsy specimens were obtained from 40
subjects (19 contreols and 21 patients with untreated coeliac
disease) and analysed morphometrically by 1light microscopy
using the tracing method. DNA and protein composition of the
intestinal mucosa were assessed in a group of 7 conlrols and
8 coeliac disease, and vitamin B, and serum folate as wecll
ags red cell folate were measured in the remaining subjects
(13 coeliac disease and 12 controls). Histomorphometry was

o~

repeated in 6 patiedtﬁ with ceoeliac disease after the
\. od

introduction of gluten free diet. The nuclear surface area
in coeliac disease was significantly greater than in the
controls (coeliac¢ disease vs. controls, means & SD, 125.52 +

21.78 u? vs. 44.47 + 10.75 w2, P < 0.008). There was no
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significant difference in the cellular surface area between
the two groups. Protein/DNA ratio and cytoplasmic/nuclear
surface area ratio were both reduced in patients with coeliac
disease compared to controls (2.2 + 1.6 mg/ug vs. 13.0 & 2.2
mg/ug, P < 0.05; 3.67 * 0.58 u2/us vs. 9.11 = 0.84 u2/42,
P<0.008 respectively). Serum folate was low in coeliac
disease patients (coeliac disease vs., controls 2.92 I 0.B3
vs., 5.48 * 2,1, P < 0.03) and showed significant negative
correlation with the nuclear surface area ({(y=6.08-0.03x,
r?=0.62, P < 0.02). No significant correlation was found
between the nuclear surface area and vitamin 512, gerum
folate and red hlood cell folatc in the normal subjects nor
there was sgignificant correlation betweoen nuclear surface
area in the coeliac disease patients and vitamin B;, and red
cell folate. Nuclear surface area was reduced after the
introduction of gluten free diet (pre~treatment vs. post-
treatment; 125.97 %+ 12.34 ué vs. 72.05 + 4 u?, P < 0.001).
These results suggest that the nuclear surface area 1in
coeliac disease is greater than normal, probably a
reflection of increased mitotic activity. Serum folate was
low in coeliac disease and correlated negatively well with
the nuclear surface area of the crypt cells. The reduction in
the nuclear surface area atfter withdrawing gluten from the
diet can be used as an early indicator of response Lo thisg

therapy.
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CHAPTER 14

SMALL INTESTINAL MUCOSAL PROTEIN SYNTHESTS IS DEPRESSED IN

PATIENTS WITH ALCONOLIC LIVER DISEASE AND CORRELATES WITH

WHOLE~-BODY PROTEIN DBREAKDOWN

6.14.1 INTRODUCTION

Malnutrition 1is commonly associated with alcoholism
(233,234). By the time patients have developed liver disease
which is c¢linically obvious they often show evidence of
protein—energy malnutrition (235,236) and other nutritional
deficiencies (237). There is some difficulty in accurately
defining the nutritional status in chronic alcohelism ({238).
Among the methods used are measurement of nitrogen status and
metabolism by such indices as the ratio of concentrations of
branched-chain to aromatic amino acids in plasma and the rate
of plasma amino acid turnover obtained using labelled leucine
(233). There is evidence of wasting of lean body mass in
alcoholic liver disease, especially of skeletal muscle, bhut
little is known of the involvement of the gut in the wasting
process. Studies in rats provide evidence of depressed small
intestinal mucosal protein synthesis (239) and intestinal
protein synthesis (240,241) in response to alcohol suggesting
the existence of gimilar deficits in man. Purthermore, little
is known about the functional correlates of possible
gastrointestinal involvement in man in response to chronic

cthancl ingcstion.




6.14.2 AIMS

The aims of this study were; 1) to measure indices of
mucosal cell size and proltein synthetic capacity and the rate
of small intestinal mucosal protein synthesis, 2) to
investigate links betwegen protein turnover in the gut and
those in the whole-body in patients wilth alcoholic liver
disease and in normal healthy subjects, and 3) to correlate
the small intestinal mucosal protein synthetic rates and
whole-body protein turnover rates with the severity of

alcoheollic liver disease and the amounts of alcohol consumed.

6.14.3 PATIENTS AND METHODS

Eight patients with alcoholic liver disease were studied
at the Department of Gastroenterology, Glasgow Roval
Infirmary (Table 6.14.1). Each subject gave written consent
after a full explanation of the nature of the study. Approval
was obtained from the Bthics Committee of Glasgow Royal
Infirmary University NHS trust.

The results from these patients with alcoholic liver
disease were compared with the results obtained from a group
of eight normal healthy subjects who had been consuming less
than 10 units of alcohol a week and had normal liver function
tests (Table 6.14.2).

All patients had recularly consumed in excess of 50 units
of alcohol weekly until the day of admission to the hospital.
Reasonsg for emergency hospital admigsion were jaundice,
abdominal pain, ascites, weight loss, exhaustion or vomiting

{Table 6.14.3). Patients with infection, encephlaopathy,
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gagtrointestinal bleeding, uncorrected coagulation status or
any previous history of hepatic failure were excluded from
the study. All patients showed c¢linical, biochemical and
ultrasonic evidence of parenchymal 1liver damage (Table
6.14.4)., Liver Dbicpsy in 2 patients confirmed the diagnosis
of alcoholic liver disease and in one of them fcll just short
of a diagnosis of hepatic cirrhosis. Screen for autoimmune
(antismooith muscle antibodies, antimitochondrial antibodies
and anti nuclear factor) and viral factors (hepatitis 2, B
& C) were negative in all patients. None of the patients was
taking drugs that could affect the liver, apart from alcohol.
All patients were started on a daily diet restricting sodium
{to 40 mmwol) and water (Lo 1 literxr) with normal protein
intake (100 gm} on admission to hospital.

TABLE 6.14.1 Characterigtics of patients with alcoholic

liver disease studied.

Patient Age-Y Sex Weight-kg Height-cm %Ideal BW

3 45 M 67 172 98.38

2 41 F 63 157 111.70
3 42 M 54 le2 85.31

4 44 M 74 177 104.52
5 45 M 78 164 121.68
6 37 M 98 180 135.36
7 31 M 86 “ 177 121.47
8 45 M 72 175 103.30

% ideal BW : % ideal body weight (198)




They were alsco started on spironolactone (Aldactone;
Searle, DBucks, EIEngland) 100~-200 mg daily to control their

fluid retention.

TABLE 6.14.2 Characteristics of normal subjects studied for

small intesgtinal mucosal protein synthesgis.

Patient Age-Y Sex Weight—-kg Height-cm %Ideal BW

1 57 Mo 65 158 105.01
2 53 M 85 185 112.58
3 59 M 70 178 98.18
4 45 M 56 172 82.23
5 54 M 87 185 115.23
6 24 F 63 166 102.77
7 21 M 62 162 97.95
8 40 i 79 160 135.97

% ideal BW : % ideal body weight (198)

To gain an insight into the severity of alccohelic liver
disease in the paticnts studied I used a bicchemical scoring
system which involves measuring AST, ALT, serum bilirubin,
serum albumin, gamma GT and vitamin B,, level (Table 6.14.5).
I used this scoring system to correlate the severity of
alcoholic liver diseass with Uthe small intestinal mucosal
protein synthetic rates and whole-body protein turnover
rates. 1t has Dbeen found that alcoholie liver disease is
characterised by distinct patterns of AST and ALT elevations

(243,244}, and that thc scrum vitamin Byy concentraticon is a
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useful markex for the severity of necrosis observed in liver
biopsy (245). Therefor I have included these indices in the
scoring system,

TABLE 6.14.3 Alcohol consumption and reasons for hospital

admission of patients with alcoholic liver disease.

Patient Alcohol Consumption Reason for Admission
Amount™® Durationt to Hospital
1 60 18 Jaundice & alkdominal
pain
2 56 18 Ascites, peripheral

odema & exhaustion.
3 55 25 Ascites, Jaundice &

weight loss

4 60 1¢ Ascites & Jaundice

5 50 15 Abdominal pain

6 60 16 Abdominal pain

7 80 8 Jaundice & withdrawal
fits

8 75 30 Jaundice, vomiting,

weight loss & ascites

*Amount : units per week

*Duration : in years

One unit of alcohol = 10 ym of ethanol,
30 ml of whisky,
100 ml of wine or

250 ml beer (242)
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TARLE 6.14.4 Biochemical and clinical characterigstics of

patients with alccholic liver disease.

pt.

AST ALT Bili GGT Alb Vit B,, Ascites®Hepar™®

410 89 190 1070 32 1027 ++ 2
38 31 48 380 34 540 -+ 4
158 80 15 2010 47 885 okt 1
94 28 818 335 34 738 +++ 3
129 216 8 250 32 325 + 3
58 45 53 53 39 554 + 2
75 61 79 740 36 539 + 2
106 20 170 61 33 540 +++ 4

*

Hepatomegaly measured in c¢m below the costal margin

* Degrees of ascites, + mild, ++ moderate and +++ severe

Normal Ranges:

AST 12-48 U/1
ALT 3-55 U/1
Serum bilirubin 3-22 umol/l
Serum albumin 35-55 g/1
GGT <36 U/1

Vitamin B4, 150-730 pg/l




TABLE 6.14.5 Scoring svetem for the
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severity

of alcoholic

liver disgease.

PARAMETER SCORE
0 1 2 3

AST normal <Z-fold >2-fold >3-fold

AL'T nozmal <2—-fold »>2-fold >3—-fold

Bilirubin <395 >35 >70 >150

Albumin >35 <35 <30 <25

GGT normal <2-fold >2-fold >3—-fold

Vitamin B12 <average >average >normal >2-fold

0-6 mild

6-12 wmoderate

12-18 severe

L-[1-13C]leucine 99 Atom % was dissolved in sterile, non-
pyrogenic 0.9% NaCl solution (150 mmol/liter) inmmediately

before administration and infused IV through a 0.20 u filter,

The subjects were studied in the wmorning after an

overnight fast. A priming dose of b—[1—13C}leucine 1mg/kg

body weight was given IV over one min; a constant infusion of

the same tracer at a rate of Img /kg body weight/h using 120

ml of 0.9% NaCl was then continued for 4 h, aAfter 240 min

of continuous infusion upper gastrcintestinal endoscopy was

performed end multiple distal duodenal biopsies were
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obtained. The range of the pooled wet weight of hicpsies was
56.1-88.0 mg. TFurther bhiopsies were taken for histology.
Vencus hlood samples wexce taken at -15, 0, 60, 120, 180 and
240 min rxespectively. Venous blcood samples were centrifuged
and scparated plasma kept in liguid nitrogen until analysis
Figure 3.9.3 illustrates thec experimental protocol followed
in this study.

The labelling and concenlrations of plasma phenylalanine,
leucine and KIC were measured by standard GCMS techniques
using t-DBDMS derivatives (1992). Muccsal tigssue samples were
frozen in liquid nitrogen immediately on sampling, and
samples pooled for storage at -709¢.  The pooled mucosal
tissue samples were analysed for concentration of protein,
RNA, and DNA (190). The labelling with 13C of leucine in
hydrolysed protein was measured by using preparative GC to
isolate the amino acid with IRMS of the CO, liberated by
ninhydrin (185%). Plasma protein from the pre-infusion samples
was used to estimate basal body protein 13C labelling for use
in the calculation of mucosal protein synthetic rate.

Protein synthesis was calculated as a fractional rate and
whole-body protein hreakdown was calculated from plasma 13¢
KIC as described previously (Chapter 9).

Values were expressed as means * SD and mean (range).
Statistical analysis used tLthe non parametric, unpaired
Student t-tesl, Spearman’s rank correlation test or the two-
tailed t test as appropriate. Differences were considered

gignificant at P values of <0.05.




6.14,4 RESULTS

A plateau level of 5.1 + 0.75 APE of L~[i1~13C}leucine
enrxrichments was achieved within one h of infusion and
remained so throughout the infusion period until biopsies

were obtained at endoscopy.

Distal duodenal mucosal protein synthesis rate was found
to be lower in the alcoholic liver disease patients than in
the control subjects (alcoholic liver disease vs. control;

2.04 £ 0.18 vs. 2.58 + 0.32 %/h, P < 0.003) (Figure 6.14.1).

The protein/DNA ratio, an index of cell size, was also
lower in the patients with alcoholic liver disease than in
the control subjects (9.23 & 0.91 mg/ug vs. 13.0 £ 2.2 mg/ug
respectively, P <0.002} ({(Figure 6.14.2). The RNA/protein
ratio, an index of +the protein synthetic capacity of the
tissue, was higher in the alcoholic liver diseasc patients
than in the control subjects (160.29 * 14.01 ug/mg vs. 137.1

+ 5.7 ug/mg respectively, » < 0.003) (Figure 6.14.3),

Values of whole-bhody protein brcakxdown in alcoholic liver

disease and contreol subjects were similar (204 + 18 and 196 %

44 umol leucine/kg/h respectively, P=NS).,

Mcan leucine (BCAA) concentration was significantly low

in alecoholic liver disease (alcoholic liver disease vs.
control; 95.9% %+ 15.72 umol/X wvs, 132.31 umel/l, P < 0.001)

and mean phenylalanine (aromatic amino acid) concentration
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was significantly high in alcoholic liver disease (alcoholic
liver disease vs. control; 71.02 + 6.B2 veg. 55.62 + 4.82

umol/l, P < 0.001) (PFPigure 6.14.4).

The severity of alcoholic liver disease in the patients
studied was moderate, average (range), 8.4 (5-13) of a scale

0-18 (Figure 6.14.5).

The geverity of alcoholic liver discase correlated

positively well with  the  whole-body  protein turnover

(yv=119.2+9.7x, r=0.88, P < 0.01} and negatively with the
rates of small intestinal mucogal protein synthesis rate
(y=2.67-0.07x%, r=0.72, P < (0.05) (Figure 6.14.6). No
correlation was found with the reported amount of alcohol

consumed over the years by the patients studied (Figure

6.14.7).
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6.14.5 DISCUSSION

The results of this study showed that small intestinal
mucosal protein synthesis was depressed by 21% and this
depregsion is accompanied by a 16% increase in the protein
synthetic capacity of the intestinal muceosa and an overall
stability of the whole-body protein turnover.

Previous work in liver cirrhosis showed a fall in protein
synthesis of other tissues, e.g skeletal muscle, accompanied
by an overall fall in whole-body protein turnover (246). In
another report the whole-body protein turnover was found to
be higher than normal control (247). The change in whole-body
protein turnover probably depends on the severity of the
liver disease (248). Although in this study there has been no
real difference in the whole-body protein turnover bhetween
alcoholic liver disease and the controls, but there was a
significant, positive correlation between the indices of
disease severity and the whole-body protein turnover rate.
The rise in the severity of alcoholic liver disease also
closely correlated with the reduction in the rate of small
intestinal protelin synthesis (Figurc 6.14.6).

The reduced protein/DNA ratio in alcoholic liver disease
suggests a smaller size of the mucosal cells or simply a
reduced protein content of the intestinal mucosal tissue as
part of the general reduction in the total lean body mass.
Patients with significant alcoholic liver disease tend to
have a lower protein intake than usual (249) and this poor

dietary intake is probably resgponsible for the alteration in
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lean body mass and fat gtores found in alcoholic liver
disease patients (245},

The protein synthetic capacity is elevated in alcoholic
liver disease which cculd »he a responge to the catabolic
effect of alcohol or to meet the elevated protein
requirements in liver disease (247).

Alcohol can induce defeots in the intestinal transport of
various amino acids in rat, such as phenylalanine, leucine,
glycine, alanine, methiconine and wvaline (250,251). These
defects might affect the concentration of various amino acids
beside the effect of the altered liver metabolism and
handling of these amino acids in particular the aromatic
amino acids. Plasma clearance does nct seem to ke a factor in
the changes seen in the concentrations of some amino acids
such ag leucine in alcoholic liver disease ({(252). The amino
acids concentrations in ouwr patients are 1in Xkeeping with
previous reports (252,253,254).

Previous work in our department suggested that in
alcoholic patients there is functional impairment of water
and electrolytes absorption withoul associated changes in the
small intestinal mucosal hislology (25%) . Animal work
suggested a direct damaging effect of alcchol on the
intestinal mucosa causing atrephy or sghortening of the
intestinal wvilli (256). In our study no abnormality was
detected in the small intestinal mucosal histology.
Furthermore, we have found that mucosal villous atrophy is
associated with elevated rather than reduced rates of mucosal

protein synthesis (Chapter 12).
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In conclusion, it remains to Dbe established whether the
reduced rate of small intestinal mucosal protein synthesis
found in alcoholic liver disease is related to poor dietary
intake, direct alcohol effect or dues o the alcoholic liver
disease. Further studieg are regquired +to meagure small
intestinal mucosal protein turnover in alcoheolic liver

disease after abstinence.

6.14.6 SUMMARY

We have applied a method using stable isotope labelled
amino acids to measure small intestinal mucogal protein
gsynthesis to investigate the effect of alccholic 1liver
diseasc on the function of the small intestine; we have also
measured whole-body protein turnover. Sixtcen subjects were
gtudied, 8 normal volunteers (means + SD} (44 + 15 vy, 71 + 12
kg, 171 + 11 cm) and 8 patients with ale¢oholic liver disease
(43 + 7 y, 74 = 14 kg, 171 *+ 8 cm). All subjects received
primed, continuous IV infusions of L-{1-13C)leucine, 1 mg/kyg
body weight/h after an overnight fast. After 4 h of tracer
infusion, digtal ducdenal biopsies were obtained via
endoscopy. Protein synthesis was calculated from protein
labelling relative to intracellular leucine enrichment, after
appropriate nass spectrometric neasurcments. Whole-body
turnover was calculated from plasma 13¢ ®IC cnrichments.
Rates of ducdenal mucosal protein synthesis were 2.58 * 0.32
($h=-1, mecan + SD) in the normal subjects vs. 2.04 % 0.18 in
the alecoholic liver digease patients, P < 0.003 despite the

fact that protein synthetic capacity (ug RNA/mg protein) was
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higher in alc¢oholic liver disease (alcoholic liver disease
vs. control; 160.29 % 14.01 vs. 137.1 * 5.7 ug/mg, P <
0.003); the mucasal cell size, as indicated by the
protein/DNA ratio, was lower in alcoholic 1liver disease
(alcoholic liver disease vs. control; 9.23 + 0.91 wvs. 13 =%
2.2 mg/ug; P < 0,002). Although the mean rates of whole~body
protein turnover were not different beotween the two groups
{alcoholic liver disease ve. contrcl; 201 & 27 wvs. 196 + 44
umol louecine/kg/k; P=NS) in the alccholic liver disease
patients there was an inverse relationship hetween rate of
intestinal mucosal protein synthesis and extent of severity
of alcoholic liver diseasc (r = 0.72, P < 0.05) and a direct
relationship between rate of whole-body prcitein turnover and
severilty of alcoholic liver disease (r = 0.88, P < 0.01) and
a negative correlation with small intestinal mucosal protein
synthesis (r = 0.72, P < 0.01). Thus there was an inverse
relationship betwcen rate of small intestinal mucosal protein
synthesis and rate of whole-body protein turnover in
alcohelic liver disease patierts which was not seen in the
normal control subkijects. The rate of intestinal mucosal
protein synthesis was depressed by 21% in alcoholic liver
disease desplite a 16% increase 1in the protein synthetic
capacity. The lean tissue wasting observed in alcoholic liver
disecase appears to extend to the gastrointestinal tract,
which shows a depressed anabolic activity (despite @
sufficient synthetic capacity) 1in proportion to whole-body
breakdown. The <functional sigrificance of these changoes

remainsg to e estaklished.
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CHAPTER 15

7.15.1 INTRODUCTION

The small intestine extends from *Lhe pylorus to the
ileocaecal valve and measures about 5 wr© (3.5-6.5 m) in
length. It is divided into 3 regions; the duodenum is the
first 25 c¢cm, the jejunum is the proximal 40% and the ileum
is the distal 60% of the remaining small bowel. There is no
recognized line of division between Lthe jejunum and the
ileum. There are anatomical, structural, histological and
functional differences belween these three zegions of the
small intestine (206,257).

In the intestinal mucosa, cell function is different at
different levels; the physiology of absorpticon is not the
same in the jejunum and ileum {9}, the rates of cell renewal
are different, and it i likely that rates of protein

turnover are also different (37)}. Recently there has heen a

considerable interest in human gastrointestinal protein
metabolism {39,192) and work in animal preparations

suggested that the small intestine contributes significantly

to the whole-body protein turnover in spite of {it’s)

e

relatively small c¢ontribution to whele-body protein mass
{193}). No data are available onr the comparability of the
rates of mucosal protein synthesis ketween the various ?%

regions of the small intestine.




We have developed a safe, reproducible and reliable
method to measure protein synthesis in the gastrointestinal
mucosa using BCAAs labelled with L3¢ {(Chapter 10) and used

it teo address this gquestion.

7.15.2 AIMS

The main aims of this study were; 1) te measure the rate
of mucosal protein synthesis 1in the jejunum and ileum of
ileostomy subjects, 2) to investigate possible differences
between the rates of protein synthesis in these regions of
the small intestine, and 3) teo assess Lhe effect of

ileostomy on the whole-body protein turnover,

7.15.3 PATILENTS AND METHODS

Six subjects with ilcostomy, three men and three women
age 27-71 years, weight 54-84 kg were studied (Table
7.15.1). REach subject gave written consent after a full
explanation of the nature of the study. Approval for the
studies was obtained from the local Ethics Committee of
Glasgow Royal Infirmary University NIS Trust.

Patients with iicostomy were recruited tc allow access to
the terminal ileum., Five of +them had undergone total
colectomy for ulcerative colitis and one paticnt had colonic
inertia and still has her ¢olon in situ though she did have

an ileostony.
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TABLE 7.15.1 Characteristics of patients with ileostomy

studied for small intestinal rmucosal protein synthesig.

Patient Age-~Y Sex Weight-kg Height~cm %Ideal BW

1 68 F 65 159 113.04
2 72 M 84 170 125.19
3 35 M 51 165 78.95
4 70 M 83 172 121.88
5 31 r 54 172 83,72
6 27 r 64 177 25,24

o

» ideal BW : % ideal body weignt (198)

Results obtained from a group of 8 normal volunteer
subjects (mean +* SD) (44 * 15 vy, 71 £ 12 kg, 171 £ 11 cm)
were used as controls (Table 6.14.2).

L-{1-13C)1eucine 99 Atom % was dissolved in sterile, non-
pyrogenic 0.9% NaCl solution (150 wmmol/liter) immediately
before administraﬁion and was sterilized by passayge through
a 0.20 micron filter.

The subjects were studied ir the morning after an
overnight Ffasl. Venous blood samples were taken, centrifuged
and separated, plasma was kept in liquid nitrogen. A
priming dose of L~[1—13C]leucine Img/kg body weight was
given IV over one nin. A constant infusion of the same
tracer at a rate of img /kg body weight/h usgiang 120 ml of

0.9% NaCl was then continued for 4 h. The same rate of




infusion wag used in both croups and was kept constant
during the time of infusion. After 4 h of continuous
infusion small intestinal mucosal samples were obtained from
the Jjejunum and the ileum. The Jjejunal bhiopsies were
obtained using a Crosby Kugler capsule (113) which was
introduced 2 h after the start of the tracer infusion. The
position of the capsule was about 10 cun distal to the
ligament of Trietz and was verified radiologically. The
range of pocled wet weight of “ejunal bicpsies was 11.1-22.1
mg. Immediately after taking the jejunal Dbiopsy, 1leoscopy
wag performed and multiple ileal biopgies obtained for L3¢
analysis and histeology. The range of pooled wet weight of
ileal biopsies was 60.0-79.8 mg. Venous bhlood samples were
taken at -1%, 0, 60, 120, 180 and 240 min respectivelf and
separated plasma kept in liquid nitrogen wiith the biopsies.

The labelling of plasma leucine and KIC was measured Dby
means of standard GCMS techniques using £+~BDMS derivatives
{199}. Mucosal tissue samples were frozen in liquid nitrogen
immediately on sampling, and samples pooled for storage at
-709C. Plasma protein from the pre-infusion samples was used
to estimate hasal body protein L3¢ labelling for use in the
calculation of mucosal protein synthetic ratc. The labelling
with %3¢ of leucine in hydrolysed prolein using preparative
gas chromatography and isclope ratio mass spectrometry of
the COgp liberated by ninhydrin (185).

The rates of small intestinal mucosal protein synthesis

and whole~body protein Dbreakdown were —calculated asg
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previously described (Chaptexr 9). Values were expressed as
means * SD. Statistical analysis used Student t-test for the
non parametric, unpaired data. Differences were considered

significant at P values of < 0.05.

7.15.4 RESULTS

The plasma leucine enrichment reached a plateau of 7.12
+ 0.%7 APE in the ileostomates and 5.1%i + 0.56 APE in the
conktrol subijects; ileostomates vs. control, P < 0.005,
within one h of IV L—[1—13C]leucine infusion and remained so
throughout the infusion period until bicopsies were obtained
{Figure 7.15.1). The KIC enrichment was alsc higher in the
ileostomy patients than in the controls, ileostomates vs.
contrels; 5.32 * 0.5%9 vs. 3.82 + 0.83, P < 0.005 (Figure
7.15.2}). There was no difference in the KIC/leucine ratio

between the two groups, controls vs. ileostomates; 0.76 =

0.07 va. 0.75 £ 0.04, I = NS.

The rates of jerjunal and ileal mucosal protein synthesis
were 2.14 * 0.20 and 1.20 * 0.20 ah”! respectively,

P < 0.001 (Figure 7.15.3),

The rate of whole-beody protein turnover was lower in the
ileostomates, ileostomatecs vs. controls; 14% x 15 vs. 196 +

44 umol /kg/h, P < 0.01 (Figure 7.15.4).




Figure

APE

Plasma lsucine enrichment

7

.15.1

Controls vs.

Plasma

— e COntrol subjects

rmas v T ] c0S5tOmy patients

leucinc

I _l I l

120 180 240 300
Time min

ilecstomates, p<0.005

enrichment 4in the control

subjects and ileostomy patients.

'a.
&




177
el s CONTTOD subjects‘

— e Tleostomy patients

APE,

Plasma KIC enrichment

0 , .
1 | | B
0 60 120 180 240 300

Time min

Controls vs. ileostomates, p<0.005

Figure 7.15.2 Plasma alpha-ketolsocaproate enrichment in the

control subjects and ilesostomy patients.




Rates of small intestinal mucosal protein synthesis %/h

Jejunal

Jejunal vs,

Figure 7.15.3 Jejunal and ileal mucosal synthetic rates in

the ileostomy subjects

178

lHeal

ileal, P < 0.001




179

300 .

Amol leucine/kg/h
S
(w2
|

100 —

Whole-body protein turnover

Control subjects Heostomy patients

Contrels vs. il=ostomates, P < 0.01

Figure 7.35.4 Rates of whole-body protein turnovexr in normal

control subjects and in patients with ileostony.




180

7.15.5 DISCUSSION

The results of this study show that the fractional rate
of protein synthesis in the wvarious regionsg of fthe small
intestine is not the sgame in ileostomates. The rate of
protein synthesis in the Jjejunal mucosa 1is substantially
higher +than +the rate in the ileal mucosa. The results
strongly suggest that the rate of protein synthesis in the
ileal mucosa is half that in the duodenal mucesa of normal
subjects (Chapter 10), and about 25 times greater than the
rate of protein synthesis observed 1in skeletal muscles
(175,204).

The ileal mucosal biopsies from the patient who had
ileostomy showed normal mucosal pattern on histological
examination and the pathological repcocrts on the surgical
specimens of the resected colons as well as the case records
of thosc patients were reviewed and the diagnosis of
ulcerative colitis was verified. The patient with c¢olonic
inertia had a normal colonescopy and upper gastrointestinal
endoscopy with normal histology of the mucosal biopsies. In
this subject the ileoscopic bhiopsies were taken from various
areas and sent for histelogy and from about 10 cocm and &0 com
away from the stoma for protein synthesis measurement. The
rate of protein synthesis in the distal ileal mucosa was
1.05 $h™% and in the proximal ileal mucosa 1.22 sh™l which

further confirmed the fact that the distal part of the small
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intestinal mucosa has a lower rate of protein synthesis than
the proximal part.

All subiect studied were within normal nutritional status
and had not made any major modifications to their diet as a
result of the ileostomies. On one occasion a subject did not
tolerate the Crosby Kugler capsule and on another occasion
the capsule failed to fire, hence we only had 4 jejunal
mucosal samples and 6 ileal mucosal samples.

Ilcostomy appears to be associated with a reduction in
the whole-body protein turnover and increased valuesgs for the
tracer amino acid and ketocacids plasma enrichments despite
using the same rate of tracer infusion which was kept
constant in both groups. The explanation of thig is not
fully understood, whether it is related to reduced lean
tigsue mass following cclectomy, leucine conpartmental
changes or changes in the efflux of leucine and KIC from
various organs in the body, remains to bec established.
However, Lhis observation does indicate that the colon
contributes gsignificantly to the whole—-body protein
turnover,

There were attempts to avoid permanent ileostomy and
gstablish a normal route of evacuation by ileo-recctal
anastomosis (258) and more recently, over the past 1Y% vears
or so, Dby the reservoir operation to create a pelvic pouch
and maintain the voluntaxy control over evacuation
{25%9.260). There has Dbeen reports on the morphclogical,

histochemical and functional changes in the ileal mucosa
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following such operations (261,262,263). Pbuchitis; varving
degrees of wvillous atrophy with inflammaticon has become the
most important long term conplication affecting pelvic ileal
pouches (262). The physiological mechanisms underlying pouch
adaptation and inflammation are poorly understood. The
method we used to measure the rate of protein synthesis in
the ileal mucosa has a potential role in the investigation
of these patho-physiological changes.

Further studies are reguired to measure the duodenal
mucosal protein synthesis in ileostomates and compare this
with the results of the duodenal mucosa obtained from normal

veolunteers,

7.15.6 SUMMARY

We have applied a robust and reproducihle method to
measure protein synthesis in the gastroirtestinal mucosa to
investigate possible differences in the rates of mnmucosal
protein synthesis between the proximal and distal regions of
the small intestine in illeostowmates and to assess the effect
of ileostomy on protein turnover. Six subjects with
ileostomy were studied (mean £ SD} (46 £ 21 y, 65 * 14 kg,
169 £ 6 cm). Resgultz from a group of 8 normal wvolunteer
subjects (44 + 15 y, 71 £ 12 kg, 171 + 11 cm) were used for
comparison. The presence of i1leostomy in these subjects
allowed practical access to the distal region of the small
intestine. The terminal ileum was histologically normal in

all ilecstomy subjects studied. All subijects rereived
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primed, continuous IV infusions of L~[1~13leeucine after an
overnight fast. After 4 h of tracer infusidn jejunal
biopsies were obtained using Crosby Kugler capsule and ileal
biopsies were cobtained via endoscopy at the same tims.
Protein synthesis was calculated from protein labelling
relative to intraccllular lesucine enrichment, after
appropriatce MS measurements. The results are presented as
mecans + SD. Rates of jejunal and ileal mucosal protein
gsynthesis were 2,14 £ 0.2 and 1.2 £ 0.2 (%hul) respectively;
jejunal vs. ileal P « (¢.001. Plasma leucine enrichment was,
ileostomates vs. controls; 7.12 = .57 vs 5,11 + (0.56 APE,
P < ¢.005% and plasma XIC enrichment was, ilcostomates vs.
controls; 5.32 + 0.59 vs. 3.82 += 0.53 APE, P < 0.005. The
whole-body protein turnover rate was, 1ileostomates vs.
controls; 145 + 15 vs. 186 % 44 umol/kg/h, P < 0.01. In the
small intestinal mucosgsa cf subjects with ileostomy the rates
of protein synthesis were different at different levels,
being significantiy higher al the proximal level and lower
at the distal level. The plasma leucine enrichment increased
by 28% and plasma KIC enrichment increased by 26% with a
significantly reduced whole-body protein turnover. These
changes are probably related to the reduction in the size of
the plasma amino acid compartment or reduced lean tissue
mass following colectomy and indicate that the colon has a

significant contributicon to the whole-body protein turnover,
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DISCUSSION

The fractional rates of protein synthesis observed in the
normal ducdenal mucosa were high at 2.5 %h’l, hbeing some 25-
50 times greater than those previously observed for skeletal
muscle (175,204) and also about two to three times greater
than those determined for normal colonic mucosa (39,173,194).
Despite the sgubstantial differences in the extent of
labelling of the intracellular and plasma pool of leucine and
valine when the tracers were administered IG or IV, and
despite the substantial differences in the absolute extent of
lakelling of mucosal protein, the rate of mucosal protein
synthesis calculated on the basis of the intracellular amino
acid pool labelling were identical.

The results suggest that in the post-absorptive state,
there 1is no detectable preferential channeliing of amino
acids into protein synthesis from the apical or basolateral
membrane of the small intestinal mucosal cells. The lower
plateau values for plasma labelling for the tracers infuscd
via the IG route than the IV route suggested that the IG
tracers were being diluted to a greater extent by amino acids
released from protein Tbreakdown, most likely in the
splanchnic tissue. The results suggest that there is little
transamination of the BCAAs during their passage from the
gastrointestinal lunmen into the peripheral blood in
accordance with Lthe known low capacities of the gut and liver

for BCAA transamination (203).

$ i
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It is impossibhle to exactly qguantify the total amount of
small intestinal mucosal protein in order to calculate the
absolute amount of protein synthesis contributed by the
gastrointestinal tract but the high rate suggests that
nmucosal protein synthesis is a major contributeor to whole
hody protein turnover.

Leucine tracer was incorporated into gastrointestinal
protein to an extent proportional to the time of exposure of
the tissue to the lracer at least when delivered IV. We have
assumed that this is also the case for the tracers deolivered
IG. Therefore the k, calculated in this infusion protocol is
equal tc the FSR when using the expression Kg (%h“1) = (Ey -

Eg/Eg) X 1/t X 100.

The effect of untreated coeiiac disease on the rate of
small intestinal mucosal protein gsynthesis in vivo was
determined in this work. The rate of protein synthesis by the
small intestinal mucosal cells was higher in coeliac patients
in spite of the gmaller sgize of the enterocytes. The
increased rate of mucosal ©protein synthesis in coeliac
patients 1is in agreement with the results of an im vitro
study by Jones et al. {(209). Presentation of the tracer amino
aclid to the apical (luminal) side of the enterocytes seems to
be associated with higher pretein synthetic rate than on
presentation of these tracers on the basoclateral
'(intravascular) side. This finding was unexpected and is mnot
seen in normal Thealthy subjects, probably due +to the

preferential channelling of amino acids from the luminal side
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because of the immaturity of the enterocytes in coeliac

disease. In coeliac disease there 1is evidence of increased
mucosal cell turnover with wmarked proliferation of normal
crypt cells (212), and our findings are 1in agreemenl with
this. The KIC/Leu and KIV/Val ratios were significantly low
in coeliac patients suggesting more dilution of +the keto
acids resulting from elevated rate of protein breakdown and
turnover. The intestinal mucosa showed evidence of atrophy as
manifested by the decreased prolein/DNA ratic. The capacity
of protein synthesis (RNA/protein) is elevated in the coeliac
patients. This is probably a reflection of the immaturity of
the enterocytes lining the villus and/or elevated rate of
mucosal protein breakdown. The contribution of the lamina
propria to the protein synthesis of the mucosa is negligible
and most of the protein synthesis takes place in the
enterocytes and only negligille amounts sgynthesised by the
cells of the lamina propria (141).

Intestinal Dbiopsy 1s o©f central importance in  the
investigation of coeliac disease, Information on the
histomorphometric characteristics of the crypts cells in
coeliac disease is lacking apart: frem the wention of high
mitotic index (212,231). This study showed significant
increase in the nuclear surface area in the coeliac disease
patients which is probably a reflection of increased mitotic
activity. The change in the nuclear surface area of the
cxrypt cell following the introduction of gluten free diet
provides an early iadicator of the resvonse to thig therapy

in coeliac disease., We found a signiticant reduction in the
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gurface area of +the crypt cell’s nuclei in patients who
showed clinical as well as histological response to gluten
free diet. The results o¢f the histomorphometric study
suggests that the nuclear surface arxca of the crypt cell in
coeliac disease is affected by the folate status and not the

ferrous status.

The results of the study in alcoholic liver disease showed
that the rate of small intestinal mucosal protein synthesis
wag depressed by 21%, despite a 16% increase 1in protein
synthetic capacity. There was an overall stability of the
whole-bhody protein turnover. The change in whole-body protein
turnover probably depends on the severity of the liver
disease (248). I have found a sgignificant, positive
correlation between the indices of disease severilty and the
whole-body protcin turnover rate. The rise in the severity of
alcoholic liver disease also closely correlated with the
reduction jiun the rate of small intestinal protein synthesis.
The reduced protein/DNA ratio in alccholic 1liver disease
suggests a smaller size of the muceosal cells or simply a
reduced protein comntent of the intestinal mucosal tissue as
part of the gensral reduction in the total lean body mass.
The protein synthetic capacity is elevated in alccoholic liver
disease which could be a response to the catabolic effect of
alcohol or to meet the elevated protein requirements in liver
disease (247). Animal work suggested a direct damaging effect
of alcohol on the intestinal nucosa ¢ausing atrophy or

shortening of the intestinal wvilli (256). In our study no
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abnormality was detected in small bowel mucosal histology. It
remains to Dbe established whethexr the reduced rate of small
intestinal mucosal protein synthesis found in alcoheolic liver
digease 1is related to poor dietary intake, direct alcohol

effect or due to the alcoholic liver disease.

The fractional rate of protein gsynthegis in the wvarious
regions of the small intestine is not the same in
ileostomates. The rate of protein synthesis in the jejunal
mucosa 1s substantially higher than the rate in the ileal
mucosa., The results strongly suggest that the rate of protein
synthesis in the ileal mucosa 1s half that in the duodenal
mucosa of normal subjects, and about 25 times greater than
the rate of protein synthesis obsexrved in skeletal muscles
(175,204). Ilecostomy appcars to Dbe associated with a
reduction in the whole-body protein turnover and increased
values for the tracer amino acid and ketoacids plasma
enrichments despite using the same rate of tracer infusion
which was kept constant in both groups. The explanation of
this is not fully understood, whether it 1is related to
reduced lean tissue mass following colectomy, leucine
compartmental changes or changes in the efflux of leucine and
KIC from wvarious organs 1in the Dbody, remains to Dbe

established.
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CONSIDERATIONS ON FUTURE APPLICATIONS OF STABLE 1ISQTOPES AND

MUCOSAYL, PROTEIN SYNTHESIS TECHNIQUE

The present method for the measurement of protein
synthesis has applications in various tissueg and organs in
the body, as long as these tissues and organs are capable of
being biopsied or approached peroperatively.

Of particular interest is to study the physiological
response of the gastrointestinal mucosa to nutrient supply
either enterally or parenterally. The responsec of whole-body
protein dynamics 1o food depends on the previous dietary
history especially the amount of protein in the diet (264).
In skeletal muscle, the response to food iy similar in
direction, but probably greater in extent, than that in the
whole~body; that is, protecin synthe;is increases and protein
breakdown falls during feeding (265,2606,267). The effect of
feeding on intestinal protein synthesig is not known and the
reports available on thig subjects are inconclusive
{268,262)., Therefore this method could be used to measure the
effect of feeding, both enteral and parenteral, on small
intestinal protein synthesis. This is an important asgpect
which has implications for the preservation of the function
of the gastrointestinal ftract during enteral and parenteral
feeding. The extent to which human mucosal protein synthesis
can Dbe modulated by physiological influences including
nervous, hormonal and nutritional effects, remains to be
determined.

Further developnents of the current technique of measuring

mucosal protein synthesis in vive can be expected to allow
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the contribution of each cell type to the rate of protein
synthesis in the whole biopsy to be determined.

Another application is ftoe recvaluate the rate of protein
synthesis in patients with coeliac disease who have responded
clinically and histolegically to a gluten free diet as well
as in those patients who have not responded to this diet. It
has been found that the rates of in vitro protein synthesgis
by treated non-responsgive coeliac mucosa sgignificantly lower
than the rates in the untreated coeliac mucosa but greater
than the rates in the control wuwcosa (209).

Further application of the method described here is to
study the small intestinal protein furnover in alcoholic
liver disecasce after abstinence to see if this has any ecffect
on the intestinal protein metabolism.

Pouchitis is the most important long term complication
affecting pelviec ileal pouches ({262), and the physiological
mechanisms underlying pouch adaptation and inflammation are
poorly understood. The method we used to measure the rate of
protein synthesisg in the ileal mucosa has a potential role in
the investigation of thesze patho-physiological changes.

To evaluate the effect of ileostomy on the rate of small
intestinal protein synthesis further study is required to
measure the duodenal mucosal protein synthesis and to compare
it with the results of the duodenal mucosa obtained from
normal volunteers.

Various other gastrointestinal diseases can be studied on
the same 1line such as Crohn’s disease using the method

described in this tThesis to evaluate the rates of mucosal
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protein synlhesis before and after certain treatment
modalities such as steroids and elemental diet.

The latest development of very accurate mass
spectrometers in recent years have extended the range of work
which 1s possible with stable isctopes. Because of this
accuracy and the safety of using stable isotopes comparing
with radicactive isotopes, we have developed a new method for
the measurement of gastrointestinal mucosal protein synthesgis
which can be added to the armament of research and
investigative gastroenterology. Various applicaticns of
stable isotopes have already bheen mentioned (Chapter 4), in
addition some other applications meril a particular
attention.

The use of tracer amino acids to measure the absorptive
capacity of the small intestine and the rate of abgsorption in
normal. subjects and in patients with malabsorption such as
short bowel syndrome. Such test would be minimally invasive

-

technique and it has ﬁgzéﬁapplications in clinical practice
to evaluate protecin aggg;ption in various disease entities,
The technigque of stable isotope labelling also has a
potential wide range of applications in the study of
absorption of various nutrients, trace elements and drugs and
to evaluate the influence of various factors on their
absorption. In generalized malabsorption there is almost
always impaired fat absorption, and the most reliabkle test is
the quantitative faecal fat analysis (206), such as duail

isotope fat absorption (DIFA) test (270,271). 7This test

employs radiocactive isotopes which c¢ould be replaced by
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stable isoctopes. The classic test for malabsorption commonly
used in c¢linical préctice to assess the absorptive capacity
of the small intcstince is the D-xylose absorption test (272).
This test i1gs flawed with preoblems and potential uncertainty
regaxding the accuracy of i%;%;i results (11,273,274),
therefore there is a need f£or MOre gensitive and specific
absorptive tests.

Another application is to use 13C-acetate breath test to
monitor gastric emptying rate in patients with
gastrointestinal motility disorders and to follow up the
effect of treatment in these patients. There have been
attempts to use 13C-glycine and l4c-octanoic acids to measure
gastric emptying (100,101,102). This test is safer than the
radicscintigraphy, which 1is +the current method used in
c¢linical practice, thereby reducing radiation exposure to the
patient. It 1is also a wvalid, non-invasive technigque. 1In
addition Dbreath tests are easy to perform, ecven for the
elderly or disabled patients and can be carried out at the
bedside or even outside the hospital. Breath samples can be
analysed after completion of the sampling at a convenient
time and can easily Dbe repeated to monitor response to
therapy. It is very cost effective method in this time when
cost 1s an important issue.

In conclusion, the dJdevelopment and current applications
of stable isotope technoloygy has provided much wvaluable and
practical information which will in time help to develep more
effective and practical techniques in clinical investigation

and research.
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CONCLUSTONS

The principle aims of the thesis have been achieved.

A new, robust, safe, reproducible and reliable methed for
the measurenent of gastrointestinal mucosal protein synthesis
has been developed. This method employs the use of amino acid
tracer incorporation principle for the measurement of protein
synthesis. The delivery of tracer amino acid was by following
the primed-constant infusion rather than the flooding dose

tcehnigue.

In normal subjects there was no preferential channelling
of the tracer amino acid when it was delivered via the IV or
the IG route. The incorporation of tracer amino acid in the

gut mucosal protein was lincar with the exposure time.

In untrcated c¢oeliac dJdiscase patients the ratesg of
duodenal mucogal protein synthesis were elevated for both IV
and IG routes. In this group of patients I found that the IG
route was associated with higher rates of gut mucosal protein
synthesis than the IV route, for reasons remain to be
established. This variation was not found in normal subjects,
There was evidence of reduced mucosal cell size and inc¢reased
protein synthetic capacity in coeliac patients. The mucosal
cellular atrophy was confirmed by the histomorphometric study
which also showed evidence of increased crypt cell nuclear

surface arca assoclated with reduced serum folate levels.
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\ mucosa. The whole-body protein turnover rates were tThe same

Injthe alcoholic liver disease patients Lhe rate of small

intestinal . protein gynthesis was depressed despite the

e i T
e T

increaée in the protein synthetic capacity of the intestinal
in the algoholic liver disease patients and the control
subjects. However, there was a pogitive correlation with the
indices of disease severity which correlated inversely with

the rates of mucosal protein synthesis.

In the ileostomy subjects therc was a regional variation
in the rates of small intestinal mucosal protein synthesis,
being higher proximally and lower distally. The rates of

whole-boedy protein turnover were lower in the ileostomates

and the enrichment of the tracer amino acid reached higher

levels.
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